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Mathematics. — “On the eyclic minimal surface”. By Prof. J. C. 
Kıuyver. 


(Communicated in the meeting of January 25, 1908). 


Ennerer (Zeitschr. Math. Phys. 14) pointed to the existence of a 
minimal surface containing a system of eircles lying in parallel planes, 
with centres’ situated on a plane curve. Let us suppose that this 
curve passes through the origin of the rectangular coordinates, that 
it is situated in the XZplane and that the variable ceircle with the 
centre (8,0,5) and the radius Ä, generating the surface, lies always 
in a plane parallel to the X Y-plane. 

The rectangular coordinates x,y,2z of a point of the surface are 
given by the equations 

> Ra Gen ses, 
so that they are expressed in the two parameters « and 5. We find 
that the differential equation of the minimal surfaces is satisfied when 

R(E' Rosa+ RR) — R(lI+5”+R?+R?+2°Reoseo)—=0, 
in which equation the dashes denote the differentiations with regard 
to SC. 

The equation breaks up into 

ER=2ER 
and into 
RR'—14E" ıR®. 
The first equation furnishes 
Aumkte 
= IE ’ 
where A denotes a positive constant and 5 the minimum value of R. 
The second equation now passes into 


en A’R? 
ds en bi 


and the integration furnishes 


N AR: 
ee: 


so that finally we can express Sen Jin R by means of elliptie integrals. 
We find 


R R 


2 
En en IPdR 


Ayers == Ru ı A Be (Re _ (14 2 
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Here an elliptice argument can be introduced. We put 


b 
R=-——, 
en u 
” 1 
ee 
vErrz 
and we find 
d 
&= or |. SUN 
en?’w 


0 
By allowing u to vary from — K to + K the centre J/ with the 
coordinates &,5 in the AZ-plane describes completely the locus of 
the centres and the equation 
b 
R= — 


EeNU 

indicates how the radius of the eircle changes during the motion. 

We notice that the minimal surface depends on two constants 5 
aud A, that the smallest eircle (u—= 0) is found in the X Y-plane, 
that with respect to the origin there is symmetry, and that foru= K, 
S—bkK the radius $% has become infinite whilst at the same time 
the centre M is at infinite distance. 

As however 


u 


E ‚[ 127 b 
Lim ($—R) =b Lim ef — | — — (k” K—E) 
K k 
0 


04 
n’w  cnu 
u=K Me “ 


and &-R retains therefore a finite value the surface contains two 


right lines 
= —EobK, 


b 
Rn), 


For k=1 the eliptie integrals degenerate. We have 
Et, eb, aR—bihu, 

and the surface has passed into a catenoid. The smaller % is, the 
more the surface deviates from the catenoid and the more oblique 
it becomes. For, we find for the coefficient of direction of the tangent 
to the locus of the centres M: 

dE kenu 

ee zu 
and the greatest value of this coeflicient k:k’, which is arrived at in 
the origin, tends to zero when % tends to zero. The surface is then 


'altogether in the X Y-plane. 
51* 
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I shall now endeavour first to investigate in the following when 
it is possible to bring through two equal cireles placed in parallel 
planes a cyclic minimal surface and then to caleulate the part of the 
minimal surface extended between those circles. 

When for both circles the radius A is taken equal to 1, the centres 
AI(8&,5) and M’(—$, —3) are situated in the X /-plane symmetrically 
with respect to the origin and their planes are parallel to the A'Y- 
plane, the question is whether the two equations : 

u 


- dw 
gel uf; : ‚ S=kumu 


en” w 
0 


adınit of suitable solutions for & and u. If these are found, we have 
b=cnu and both parameters 5 and k of the minimal surface are 
known. 

In order to investigate the indicated equations we regard for the 
present in the S5&-plane & and 5 as variables and we consider the 
curve which is described by point (£,5), when for constant k the 
variable s describes the range of values from O0 to X. We have: 

E0)=0 , 50), 
KK)=1 , &KR)=0. 

So for all values of k the curve will run from the origin O to 

point A on the &-axis (see the diagram). 


4 
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Farther we have: 


u u 
Alt d 
= ruf rauf 2 
dn w dn u 
N v 
be k' sn u 
s< dn u 


so that from : 
ds 1 
— = — (k — snudnus) 


du conu 
follows : 


ds M 
Zu >koenu. 


We coneclude that for increasing u the variable $ grows regularly 
from 0 to 1. So the curve OA is intersected but once by a line 
& = constant. 

At the same time: 


dS snu 
— —k(enu— usnudnu) =keanu| 1—u — ——— |. 
du sn(u-+ K) 

hi ; ds ie . . 

For small u we find = to be positive, it keeps on decreasing, becomes 

U 

one time zero and is then negative. So the variable 5 reaches 
somewhere a maximum and the curve O4 is either not cut by 
a line $= constant or in two points. The form of the curve 
k — constant is therefore as is indicated schematically in the diagram. 
In order to be able to compare the curves belonging to different 
values of k we can determine the values which the differentialquotient 
ds 


7 assumes in the points U and A. 
>) 


We have 
OBER 
duJu=0 du Ju=v 


d 
ds —=E-—K’K, & = — KK, 
dujlu=K. du/Ju=K 


from which ensues 


& k e ) kk'K RER ger 
— = Fe) Te ==2'7 Er za — wir K r 
döJ:=o0 k dSs)r=ı E k®’K k fortde 


0 


ds. 
From this is apparent that in O the value of FE increases with %, 
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ds a 
that on the other hand the absolute value of de decreases in A for 


increasing &. For, if k becomes greater k’K decreases, but the deno- 


K 
minator k | cn? w dw increases. 
0 

Taking into consideration the form just sketehed of a curve OA 
belonging to a definite value of 4 we find that a second suchlike 
curve belonging either to a larger value or to a smaller value of & 
will certainly intersect the first curve somewhere. So as soon as a 
cyelice minimal surface passes through two equal circles placed in 
parallel planes we shall be able to bring a second cyclice minimal- 
surface through these circles. 

We must now investigate when the two cyclice minimal surfaces 
coincide, i. 0. w. we must find the envelope of the curves OA. 

lf we put c=#?, e’=k’’, then the system of curves is given in 
the equations 

u 
ev ‚S=Veunu; 
cn’ w 
) 

we regard c as the parameter of the curve, 9=amu as the para- 
meter determining a point on a given curve, so that the eoordinates 


(5,5) of a point of the envelope satisfy the condition 


DES 
D(,9) 
If here and in future we put for shortness’ sake 
u u 
dw 
Alu) = Bla) = 
w en’w (w) dn’ w 


() 
and we take into account that for constant =amu we have 


du 1 B 
a Be 
we find 
d& 1 0% 
ae a FT Ber) 
05 —=Vesnu(ceB(u) — Au)) ar Ve 
3% ne Ba ae 
where Q(u) is given by the equations 
Aa nz) TERN 


SNU 
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K 
d 
=K-E-[( u. 
sn? w 
u 


1 
‚= —— (u—eo’u Alu) — dn’ u B(u) ), 


sn’ u 


N! 


snuen udn u 


= A(u) + k’ B(u) — 
From this ensues 


Dez er 

ER oe 2) Au) , 

and so the points of the envelope of the curves OA are determined 
by the equations 


K 


aW=K-E-[ en 


sn? w 


As when c is given, the first member of the equation increases 
regularly from — o for u=0 to K—Efor u=K, the equation 
Q(u) = 0 admits of one solution w,. By differentiating we find 


uo 
—= — I dw ER : 
de 2c dn? w 
0 
i.e. a negative value; therefore the greater c is, the smaller is the 


argument u,, which I call the critical argument. This argument 
moves finally between rather narrow limits. For c=0 we find 


K= BZ and so also «, = —1.5708, For c=1 we find 


dnucnu 1 Chu 
Q(u) =u — E() — —— =u— —= 


sn u sn u Shu 


So the eritical argument u, satisfies the equation 


Chu, 
U SRH . 
From this ensues 
u 4.1997, 


Y, = am u, = 56°.28', 
cot Y, = u, en u, = 0.6627. 
1) G. Juca. (Ueber die Constantenbestimmung bei einer eyklischen Minimaltläche, 


Math. Ann. Bd. 52) gives this equation in the form 
enu dnu + (E (u) — u) snu =. 
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For values of c between 0 and 1 it is easy to solve «, out of 


the equation 
K 
dw 
wW=K-E- | — 


sn? w 


by means of the tables of Lesenprr. If w, is an approximate value 
of the ceritical argument, the caleulativon of Nkwron furnishes 

u, — Qlu,) sn’ w, 
as following approximation. In this way the critical argument is 
calculated in the following table for some values of ?—=c 


k=Vcyp=amım| u, b=enu, &o en) Yo 5 To 


sin 0° | 90° 1.5708 |. 0. 1: 0, E.909 Are 0. 
15%) 874" 1-4.5442 70.0520 7.0.9966 | 0.0208 | 87° 0' 0.9954 0.0245 
al ee 1.4701 | 0.1859 | 0.9498 | 0.1367 | 79°23' | 0.9427 | 0.1423 
45° | 70° 3! 1.3708 | 0.3412 | 0.7930 | 0.3308 | 700°16' | 0.7916 |0.3325 
60° | 62931 1.2801 | 0.4614 | 0.5573 | 0.5116 | 69°35' | 0.5549 | 0.5133 
OST 1.2198 | 0.5306 | 0.2813 | 0.6251 | 57%57' | 0.2776°1-0.6265 


de} 
[e>} 

° 
ST 
[e2} 

ö 
IS) 
© 
= 


.1997 | 0.5524 0. 0.6627 | 56°28' | 0. 0.6627 


and moreover are indicated in it the coordinates &,, &, of the point 
P, in which the curve OA belonging to each value of A touches 
the envelope of that system of curves. 

By the equations 


&,=Veeonu, A HN ee en 
we now find in connection with the condition 
2) = 0 
that 5, and 5, are given as functions of c only. We can deduce 
out of it 


gl Blu) lmuduu ten u) 
a —— dn u, B (u,) [en u, dnu, + u,ca? 
de av a ie 
Au, er 
ae 


From this appears that for increasing k or Vc the eoordinate 5, 
decreases regularly and the coordinate &, increases regularly. In 
connection with the numbers inserted in the table it follows that the 
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envelope of the curves OA has about the shape of a quadrant of 
ellipse BA of which half of the great axis V)A—=1 and half of the 
small axis OB = 0.6627. 

Moreover it is clear that the tangent to any curve & = constant, in 
the point /? where the. latter touches the envelope, is normal to the 
tangent in the origin (0) drawn to this same curve. The preceding 
caleulations now lead to the conelusion that through the two equal 
eircles with radius #—=1 'placed parallel and symmetrically with 
respect to the origin two cyclic minimal surfaces will pass, when the 
centre M (2,5) of the upper circle is situated inside the curve BA of the 
diagram, that the two surfaces coincide when M has arrived on the 
curve BA and that the circles cannot be connected by a minimal 
surface when M falls outside the curve BA. 

If M lies inside the curve BA two curves OA pass through M. 
One of these touches the envelope in ?, a point on curve OA between 
O and M. So the argument u belonging to M is greater than the 
eritical argument «, in / and so the minimal surface belonging to 
it and extended between the circles M and M’ would contain the two 
circles along which this minimal surface is cut by a second minimal 
surface with an infinitesimal slight difference. So this minimal surface 
is unstable. For the second minimal surface laid through the circles 
an argument « corresponds to M smaller than the critical argument 
u,; this surface is therefore stable and can be realized in a proof 
of PLATEAU. 

If two surfaces can be laid through the eircles the most oblique 
surface (the surface belonging to the smaller value of 4 and with 
the greater value of the radius & of the mean section) is therefore 
always stable, the other is unstable. 

It is worth mentioning that whilst here the quantities $,, 5.5 
depend in rather an intricate way on k=sm 6, we can find by 
approximation out of simple formulae very accurate values for 
these quantities. 

If we call the eritital amplitude 56°28' of the catenoid ß, we shall 
be able to assume with great accuracy the following relations : 


Ir I 
00 gu = an Bein 0 (1 — 98 0, 


' 


c08 P,\- 
ee 
& ee) 


I 
- 
‘ 


ET: FR 


from which ensues for the equation of the envelope BA 


In the table the values of 9, &, and 5, calculated in this way 
are added in the three last columns, to be compared. 

To conelude with we give a computation of a part of a given 
eyelie minimal surface with given parameters 5 and %, situated 
beween two equally large circles corresponding to the arguments + u 
and — u. 

The coordinates x, y, z, of a point of the surface are again deter- 
mined by the equations: 

b 


b 
a—bk Alu) + —cosa, y—= sine, z—=bku, 
en u en u 


out of which we can find for the line-element on the surface the 
expression 
d® Pdu—ionuda-+ ARD, +tonuda—iksin a du 


b? en’ u en? u 


e 


in which 7 is determined by the equation 
P° = (k cosa + snudnu)’ + A ont u. 


We introduce for a an imaginary argument v. 
We substitute 


and we find 
isnvusn (u—K) 


sin. == ; 
env — en (u—K) 
l—enven (u—K) 
eosa — i 
en v — en.(u—K) 
d d dn (u— 
BZ = ER n (u DI 
sına nv sn (u—K) 


__ en? udn vdn (u—K) 
 K' (en v—cn (u—K)) 


and finally 
d® _ dn’vdn® (u—K) 4 
b?  kr(onv—cen (uRyy | a (du +de). 


From this ensues that u +v and u—v are the parameters of 
the lines of length zero, so that v is the parameter of the greatest incline. 

According to the general properties of the minimal surfaces we have 
for the superficial element d2 the expression 
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d2 & dn?” v dn’ (u—K) du dv 

b° k? (en v—cn (u—K))’ i” 
and we find for that part of the surface limited by the two cireles 
with the arguments a urand — wu: 


u AK’ 
fe ai dn? v dn? (u— K) 
k? (en v—en (u—K))? 
To perform the integration we start from the identity 
ÜikK’ 


eu) = Je (u— K) dn (u— K)_ OK’ Z(u—K) + 2 = 


env — en (u—K) 


— Qu(E'—K) + 2%" K'B (u), 
which furnishes first 


ik’ , 
dv dn? (u—K) Kfm 
iomne—n(w—K) urua 
0 
Moreover 
UK’ DIT 


i env—ın (u--K) 


ur 2 — £ d 
FE an? (u n=r (mt 2 K'mR), 
{ 
v 


A dash before the integral sign indicates that the path of integra- 
tion does not pass through point v=1iK”. 
Out of the two last equations follows by means of addition 


HK’ > 
r 2 
dv dn? v __ kfu) a [= nv +2K®K'n(u—K), 
i "me—onw—K) en u ; i 
0 


an equation which, if we differentiate with regard to u and then 
divide by k’ cnu, passes into 


£ dn’vdn’(u— K) ne 174 en) 2 K' 


i kr(mv—eonu— K)) enudu en u dn? u 
1d/ fu) 2RK' k®K' NE en 
— 2 du\en’ u dn’u  en’udn’u eu 


Now integrating according to u between the limits O and u we 
find finally 
Re) dn? u 
— E' — K') 4- E'A(u K' —— Bu) . 
4b? cn? il 4 Sr en? u w 
If the given ceireles have the radius A=1 then b is equal to 
cnu and we can write 
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n ı 


E—K 
—= uE' + $eonu ee sn’uK'Q u), 


Ki) 


4 
where & again represents the «-coordinate of the centre M of the 
upper eirele. 

If this centre M moves on the envelope BA of the diagram, then 
u becomes equal to the critical argument u,, Q(w) equal to zero 
and we have obtained the greatest possible minimal surface 2, for 
the given value of k. So 
2, wog 
a mE ER a er 
We can now put the question where we have to put M on the 
envelope BA, that is what value must be given to k for 2, to 
obtain the greatest possible value. To answer that question we sub- 
stitute c=4*" and 9, =amu,; then 2, is a function of c, whilst 
y, and &, are connected with c by means of the equations 
K 


Au) = R— E— ( 
sn’ w 


=, h) 


By differentiation we find 


Ip, 

u 5 sn” u, dn u, B (w,), 

du, 1 

a 5, en’ u, A (u,), 

EN dn u, B (u,) (en u, dnu, + u, cn’ u,) 
de Ve 0 {) 0 0 0 0 


and finally by means of these results 


de\ 4 d 
As the right member of the last equation is always positive, 2, 
always increases with c or with k&. The greatest possible surface 
between the two eireles is obtained by plaeing M in B,; we have 


then a part of the catenoid, of which half the height is equal to 
cot 8 = 0.6627. | 


Now K=E=7, 


da/®, K'—E' 
— en u,dnu, B(u,) (en u, dnu, + u,csn®? u,). 


2, 
— u, == .121097, 
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The smallest value 2, obtains for k&=0. Then ,=0, & =1; 
the minimal surface consists only of the surface of the cireles M and 
C’ placed side by side in the XY-plane. We have 

Er 
an 

So also the surface 2, keeps moving between rather narrow limits. 
Although the value of 2, depends again in rather an intricate way 
on k we can put pretty accurately, if once the critical argument 
u, or the amplitude 9, has been calculated, 


or 


2 nu, 


This is evident from the following table, in which have been 


2 

e, . [> 

inserted for some values of 4 the corresponding values of — and 
ZT, 


15° 1.0002 1.0001 
200°31.1.0141 1.0176 
45° | 1.0556 1.0639 
60° | 1.124 1.1271 
732 121.1795 1.179 
90° | 1.1997 1.1997 


As we have 5= cn u,, where Ö represents again the radius of the 
mean section we can in any case put with great approximation 
0 20 
Me 
and in this way we obtain for the greatest possible just stable part 
of an arbitrary eyclice minimal surface that can be extended between 
two eireles with radius R=1 the same expression as for the 
eatenoid. 


oO 
27} 
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Botany. — “Contribution N°. 1 to the knowledge of the Flora of 
Java.” By Dr. S. H. Koorpers. (Continuation ')). 


(Communicated in the meeting of March 28, 1908). 


$ 3. On the geographical distribution, oecological conditions and means 
of dissemination of the Aceraceae, growing wild in the highest mountain 
regions of Java. 


$$ 1. Synonyms and geographical distribution. 


This order, which in Bkwtuam and Hoorur’s Genera Plantarum 
and in BorrLase Handleid. Flora N. I. forms part of the Sapindaceae, 
consists of two genera; only one of these (Acer, Linn.) oceurs wild 
in Java. Of the genus Acer about 50 species are known; only one 
of these (Acer niweum Bw.) belongs to the flora of Java, and has 
frequently been found there, growing wild in the higher mountain 
regions (up to 2550 m. above sealevel). 

Some authors, e.g. Pax l.e., distinguish two varieties in Java, 
which were regarded by Bruns as species Acer niveum Bu. genuinum 
Pax and A. niveum var. cassiaefolia (Bı.) Pax. According to Pax.c. 
the former of these has broad elliptical or ovate leaves with rounded 
base and a snowy white under surface, the latter oblong leaves with 
an acute base and a blue-grey under surface. The type is represented 
at Buitenzorg in Herb. Kds. by specimens from the G. Gede (Herb. 
Kds. 12645 3) and the variety by specimens from Taköka (Herb. 
Kds. 7251 8). By far the greater number of specimens (e.g. many 
from the Gede), however belong to neither of these two 
forms, as they combine various properties in a number 
of ways. We therefore consider the two varieties to be merely the 
extreme forms of one and the same, more or less varying ’) type. 
Some speeimens in Herb. Kds., should further be noted, in which 
the under surface of the leaf (in the dried state) appears to be green, 
e.g. Kds. 7265 8 from the G. Slamat: by this character and also by 
the ineipient serration of the leaf margin, these specimens approach 
to A. laevigata Waun. Kds. 7267 8 from Pringombo should also be 
considered; the leaves, which, in the living state are pale blue-grey 
cannot be distinguished from those of A. oblongum. The colour of 


1) Gontinued from These Proe., Febr. 29th 1908 pP: 687. 
?) In his last monograph of the Aceraceae Pax l.c. (1902) 31 also, however, 


already says, that the variety cassiaefolium (Bl.) Pax, which he formerly separated 
ofi, scarcely differs from the type. 
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dried specimens in general, and of this species in particular, depends 
aceording to Koorvers and Vareron Bijdr. Booms. Java IX (1903) 
p. 256), very largely on the manner and rate of drying of the 
herbarium. - 


Acer niveum Br. Rumphia III (1847) 193 t. 167 B. f. 1; Hıern 
in Hoox. Fl. Br. Ind. I, 693, Pax Monogr. d. Gattung Acer in Engı.. 
Botan. Jahrb. VIl, 207, Pax in Enecıer Pflanzenreich Heft 8 IV, 
163 (1902) 31; Koorn. et Varsrton l.e. 254; — A. laurinum Hassk. 
in Tijdschr. v. Nat. Gesch. en Physiol. X (1843) 138 (nomen 
tantum); Miqg. Fl. Ind. Bat. I, 2 (1859) 582; — A. juvanicum 
JuneH. in Tijdschr. Nat. Gesch. en Physiol. VIII (1841) 391 (nomen 
tantum); — A. cassiaefolium Bu. 1. e. f. 2.. 


Geographical distribution outside Java: India 
or.: “Assam, hills of Martaban and Tenasserim’” (Branpıs, Indian 
Trees, 181). “Assam and Burma” (according to Pax l.e.) Malay 
Archipelago : Sumatra (Junen.! in Herb. Lugd. Bat.); in N. E. Celebes 
in the Minahasa on the Lolomboelang mountains (Herb. Kds in Mus. 
H. Hort. Bogor; comp. Koorp. Verslag botan. reis N. O. Celebes 
(1898) p. 409). Has also been collected in Celebes by WaRrBURG 
(comp. Pax l.e. 31). 


Geographical distribution and oecological 
eonditions in Java: Has been collected, according to Herb. 
Kds, in Westeın and Uentral Java, and also in Eastern Java, at 
an altitude of 700—2550 m. at the following points. Hitherto 
(according to Herb. Kds.) it has been found in the following places 
in Java: In the res. Banten on the G. Karang at 1000 m. above 
Tjimanoek, and on the G. Poelasari at 1050 m. near bivouae 
Kihoedjan (both in the division Pandeglang). In the res. Preanger : 1) 
on the G. Gede near and above Tjibodas at 1450 m., 1600 m., etc. 
and also at 2200 m. above sea level; 2) near Takoka at 1200 m. 
the Djampangs;3) near Pangentjongan in the Galoenggoeng (in the 
div. Limbangan at 1250 m., 1400 m., and at 1800 m. above sea level); 4) 
near Tjigenteng in the Köndeng-Patoeha mountains at 1450 m. and 
1600 m. above sea level. In the res. Tegal-Pekalongan on the G. Sla- 
mat above Simpar at 1400 m. and above Soerdjä on the N.-W. 
Prahoe at 1400 m. In the res. Ködoe at 2200 m. on the G. Kömbang 
above Bödaka and at 2500 m. on the highest summit of the Prahoe- 
Dieng mountains. In the res. Banjoemas on the Midangan mountains 
near Pringämbä 800 m. above sea level In the res. Semarang on 
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the G. Oengaran and the G. Telömäjä at about 1400 m., e.g. above Sepa- 
koeng In the res. Madioen on the Wilis-mountains above Ngebel between 
1400 m. and 2000 m. (not collected there at a greater height). In 
the res. Präbälingä-Pasaroehan on the Tengger-mountains at 2000 m. 
near Ngadisari. In de res. Besoeki on the Idjenplateau near bivouae 
Oengoep-oengoep at 1700 m. Up to the present this species is there- 
fore known from the res. Bantn (in Western-Java) to the res. 
Besoeki (in Eastern-Java) from 700 m. to 2550 m. above sealevel. — 
OÖccurrence: Does not grow socially in Java, but occeurs fairly 
plentifully in some mountain forests e.g. in Western-Java on the 
G.Gede. Decological conditions: This species has not yet 
been observed by me in Java on soils, where there is a great, 
permanent dearth of water nor where there is physiological drought 
resulting from a large saline content, nor on soils rich in lime and 
common salt; neither does the species grow on soils which are 
periodically liable to strong dessication. It grows almost exclusively 
on permanently damp, fertile, voleanic soils, rich in humus, in elose 
shady mountain forests of high trees and consisting of a great 
number of species. In the hot plain, even in permanently humid 
distriets, the species does not occur. The lowest station is in a 
ravine in Eastern-Java at about 700 m., the highest. is at nearly 
2550 m. above sealevel in Central-Java. I feel obliged to consider 
the possibility of the occasional, be it very exceptional, oceurrence 
of Acer miveum in physiologically dry, saline soils, in consequence 
of a herbarium note of JungHunn, found by me in ’s Rijks Herbarium, 
and referring to a specimen, colleeted by this naturalist on the 
Dieng-plateau at about 2000 m. near the Kawah-Tjondro-dimoeko. 
I have here as yet no other data at my disposal, which would 
show with certainty, whether this species does not only occur in 
Java “near”, but also “on” such soil. — Leaffall: At the 
same moment there stood in the same- locality (in the same forest, 
in close proximity to each. other) two individuals of apparently 
the same age. On the 2rd of June 1898 one of these was in full 
(old) leaf, while the adjoining specimen was practically without 
leaves, except one branch which bore young foliage. On March 
23:4 1893, near Taköka, one of the trees (of this species), which 
had been numbered for the purpose of the investigation, was 
completely without leaves, although it stood in the midst of tree 
species, which were then nearly all in full foliage. — Time of 
fl owering and fruiting: Flowers were collected in June and 
in July, August, Sept. and Nov.— Habitus: A forest giant, which 
immediately reveals its presence, even in the thickest virgin forest, 
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by its fallen leaves on the ground, and sometimes by its characteristie 
winged fruits; the leaves are noticeable on account of the colour 
of their lower surface, which remains greyish white for a fairly long 
time. This greyish white or bluish- grey colour is also rather striking 
in the living plant. In the flowering period this giant of the 
forest further attracts attention by its almost leafless condition in 
the midst of evergreen trees. In alpine regions, at 2000 m. above 
sealevel, in Western and Central-Java, (e.g. Preanger, Bagelen), this 
species stands out by its dimensions, which are rather considerable 
for a high altitude; so, for instance, at 2200 m. sealevel, on the 
G. Kembang near Bedaka, a specimen was 20 m. high, with a 
trunk $ m. in diam. The above data about Java, relating to oecological 
conditions and geographical distrabution, have been taken from 
observations, made by me in Java 1888—1903, and mostly published 
in Koorpers and VALETon l.c. 257—-258. — In the National Herbaria 
at Leiden and at Utrecht I found with the specimens, collected in 
Java by JunGHUHN, BLumk, REINWARDT, ete., and now examined by 
me, no special data about oecologieal conditions: in most cases there 
was only written on the labels “Java” without further indications. 


$$ 2. Means of dissemination. 


The only means of dissemination is the fruit, known as samara, 
which is primarily intended for distribution by wind, but which 
seems, in addition, to have a certain capacity for being transported 
by water, according to an experiment of mine. At least, if the 
fruits are quite dry, they remain floating for some days on a 3% °/, 
solution of common salt. In this species the fruits are produced in 
Java, as far as is known, only once a year, but then mostly in 
great numbers. Althouglı the winged fruits are fairly heavy (when 
dry they weigh about 100 milligrams, the wings, which are often 
5 em. long and 2 cm. broad, being ineluded), and although I never 
found in Java any indication, that the fruits are distributed by 
animals, distribution must nevertheless take place easily, as is proved 
by the large number of localities, cited above, where the tree is 
found. As the occurrence of the species is limited to the higher 
regions of several active volcanoes, at places which are more than 
40 kilometres apart, and which are separated by hot plains, in which 
the species has never been found wild in Java at the present time, 
it would appear, that the force of the wind on the higher mountains 
of Java is suffieient for transport over a distance of 40 kilometres, 
even of such large samarae as those of Acer niveum. 

52 
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I think it however more probable, that in the case of this species, 
as in that of the next one, (Dodonaea viscosa) such large winged 
fruitsshave been and are still, ‚onlyıtransported’ın 
stages. It may have been, that in former times other elimatologieal 
conditions enabled these two species: to grow wild in the 30— 40 
kilometres of intervening low lands, in such places where growth 
' can no longer take place at the present time. It may also be that 
even under the present conditions of climate, jsolated specimens have 
escaped notice and might be found between the two places so far 
apart. Finally we may suggest, that transport by wind does not 
primarily take place through the air direet, but chiefly in stages, 
in such a way, that the fruits remain for a longer or shorter time 
on the ground, or floating on the surface of water; in the latter 
case of course, till they are washed ashore and are then carried 
further by the wind. 

The original oceurrence across the sea of this Acer growing wild 
in Java and provided with fruits, which are apparently only adapted 
for wind transport, may, it seems to me, be readily explained by a 
combination of wind transport in stages with transport by water, 
but not exelusively by so called direet wind transport. This expla- 
nation possibly also applies to other species, growing in Java and 
‚belonging to other genera or orders, with physiologically similar 
fruits or seeds, which have hitherto only been regarded as anemophilous. 

It should further be noted, that this species only bears fruit atan 
advanced age, when the crown has already attained a considerable 
height. This character is perhaps useful, sine# the tree generally 
oceurs scattered in dense ever-green heterogeneous mountain forests, 
composed of high trees. For (his species, which is obviously in the 
main dependent on wind distribution, the above-mentioned character 
is probably connected with the oecological conditions determining the 
original oceurrence of the tree, and the character referred to, has 
arisen through natural selection. For in the damp Javanese mountain 
forests, which are generally very dense, only those species have a 
good chance of being disseminated by the wind, whose fruiting 
branches protrude above the dense leaf covering, formed by the 
crowns: of the surrounding trees. 

In connexion with the obvious relation between: the conditions of 
growth, the fruiting period and the means of dissemination of Acer 
niveum, we may quote what has been said by VoGLEr') on a similar 


!) Voszer,.P., Ueber die Verbreitungsmittel der Schweizerischen Alpenflanzen in 
Flora oder allg. botan. Zeitung 89 (1901) p. 2. 
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relation in the case of other species likewise having large winged 
fruits, such as those of Acer. 

“... Derartige Arbeiten erhielten einen viel grösseren Werth, 
wenn sie einem Zusammenhang oder auch nur Paralellismus zwischen 
den ähnlichen Verbreitungsmitteln und anderen durchgehenden biolo- 
gischen Verhältnissen der betreffenden Arten nachgingen. Eine ganz 
kleine Untersuchung dieser Art bietet Lvsbock !) in dem er nachweist, 
dass von 30 Gattungen, ‘“figured as having seeds or fruits with 
a long wing, known as a Samara””, alle zu den Bäumen oder 
Klettersträuchern gehören, keine einzige zu den niedrigen Kräutern” 
(VoGLEr 1.c.). 


$ 4. On the geographical distribution, oecological conditions and means 
of dissemination of the Sapindaceae, growing wild in the highest mountain 
regions of Java. 


The Sapindaceae, as defined by RApLkorer in EnsLer and Prantt's, 
Natürliche Pflanzenfamilien, eonsist of about 73 genera with over 600 
species. Of these only a single species occurs in Java, growing wild 
in the highest mountain regions, namely Dodonaea viscosa (Linn) JacQ. 


$ 1. Synonyms. 


Dodonaea viscosa (Linn.) Jacg. Enum. Pl. Carib. 19, non SıEBer, 
non Mart.; Hısrn. in Hook. Fl. Br. Ind. I, 697; Kurz For. Flora ], 
287 ;, Branpıs Indian trees (1906) 186, Hassk. Pl. Jav. var. 292, 
Koorpd. en VaAıreton Bijdr. Booms. Java IX (1903) 226; — D. 
angustifolia Buanco Fl. Filip. ed. I, 312; — D. angustifoha Linn. 
r Suppl. 218; — D. Burmanniana De. Prod. I, 616; — D. 
Candollei Br.! mse. in Herb. Lugd. Bat. = D. Candoleana Bıumr! 
Rumphia III, 190; — D. dioica Roxs. Hort. Beng. (28); Fl. Ind. 
11,.256;: — D. Dombeyana Bı.! in Rumphia III, 189; — D. 
‚ferrea JungH.! msc. forma 1, 2 et 3 in Herb. Lugd. Bat.,;, — D. 
jamaicensis Dc. Rod. I, 616; — D. Kingü G. Don, Syst. I, 674; 
— D. latifolia Sauız. Prod. 276; — D. mierocarpu Dec. Prod. 1, 
617; — D. montana et lttoralıs JunGH. in Java I, ed. II 267, — 
D. nerüfolia A. Cunn. ex A., Grar Bot. U. St. Expl. Exped. 1. 
262; — D. oblongifoha Link. Enum. Hort. Berol. I, 381; et in 
Bot. Reg. t. 1051; — D. ovata Dum.-Cours. Bot. Cult. ed. II, 7, 
p. 327; — D. pallıda MıgQ.! Anal. Bot. Ind. III, 7; — D. pen- 


% Luspock, Flowers, fruits and leaves. London (1886) p. 79 (quoted by 
VOGLER |.c.). 
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tandra Grirr. Notul. IV, 548; — D. salieifolia Dec. Prod. I, 617; 
— D. Schiedeana ScHnLscHT. in Linnaea XVIII (1844) 33 (err. typ. 
49); — D. senegalensis Brums! uose. in Herb. Tugd. Bat.; — 
D. spatulata Sm. in Rers Cyel. XII n. z.; — D. triquetra JuNGH. 
in Natuurk. en Geneesk. Arch. Ne£erl. Indie II (1845) 36 ; non 
ANDR.; — D. viscosa Roven ex Brumz !, Rumphia IT, 191; — D. 
Wightiana Bıvme in Rumphia III, 189, — D. Waitziana Brume !l.i.; 
— D. Zollingeri Turcz in Bull. Soc. Nat. Mose. XXXVI (1863) 
I, p. 587; — Caryophyllanthes littoreus RumpHivs Herb. Amb. 
IV, t. 50; — Ptelea viscosa Lins. Spec. ed. I, 108. 


For the very numerous synonyıns of this polymorphie species, 
which has extremely wide vertical and horizontal distribution, Ihave 
chiefly relied on the most.recent literature as regards these species, 
which occur outside the Dutch East Indies, but have checked them 
as far as possible by the very rich material in the National Herbaria 
at Leiden and at Utrecht. The Dutch East-Indian synonyms are 
chiefly based on my own examination of the above collections, and 
on Koorpers and VALFToN Bijdr. Booms. IX |.c. From various facts 
it appears that this tree (at least the littoral form) was already 
known to RumpHivs, and that it has been described as separate species 
by a large number of authors under more than 25 different speeifie 
names. 

According to an unpublished note of RxmwwArDr, found by me 
with a herbarium specimen collected on the sandy beach of Ternate, 
this observer has the credit of having already realized, that the coast 
and the mountain forms of the specimens of Dodonaea viscosa from 
Malay Archipelago belong to one and the same species. 


$$ 2. Geographical distribution and oecological 
econditionsof Dodonaea viscosa outside Java. 


According to the literature (e.@. RADLKOFER) and the herbaria 
consulted by me at Leiden and at Utrecht, Dodonaea viscosa is 
generally distributed in tropical and subtropical regions of the whole 
world, and is known outside Java from sandy sea shores as well 
as from inland localities up to an altitude of 1400 meters. Branpıs 
[Indian Trees (1906) 187] states: “Trans Indus, Afghanistan and 
Beluchistan. Common locally, often covering extensive traets in the 
drier regions of North-West and Central India as well in the Deccan. 
Also on the seacoast” (Branıs 1.c.). In the National Herbarium at 
Leiden I saw an authentie herbarium specimen of Dodonaea arabica 
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Hochst and Srrup. According to the attached label, this specimen 
was collected on Dec. 8, 1835 by W. ScHimprr (the father of the 
phytogeographer F. W. ScHimper) at 4000 feet (1330 meters) above 
sea level on the summit-of the mountain Kara in Hedschas (Arabia). 
According to Hooker.Flora Brit.-India l.e. this speeimen is identical 
with the widely distributed Dodonaea viscosa (L.) JacQ. HooKER’S 
view is undoubtedly correct. It seems to me that the occeurrence of 
the littoral D. viscosa (1..) JacQ. on the above-mentioned mountain 
can easily be explained, by assuming that the locality, where SCHIMPER 
collected his Dodonaea, was extremely poor in water. In ’s Rijks 
Herbarium at Leiden I also saw a specimen of Dodonaea viscosa 
L. (det. P. Hennines) from Herb. SchLAGInTwEiT N’. 80846, which 
was collected in the Panjab in North-West India between November 
15th to 28:h, 1855 at 650—850 meters above sea-level, and finally 
a specimen from Herb. Firsrı N°. 2501, correctly named Dodonaea 
viscosa, which was colleeted in 1903—1904 in Eastern Bolivia 
(South America) at a heigkt of 1400 meters. As proved by a her- 
barium specimen from British India, due to Hookkr and THoMsoN, 
and seen by me in Rijks Herb. at Leiden, Dodonaea Burmanniana 
D.C. which is synonymous with D. viscosa, grows there at a height 
of 0—600 meters above the sea. In ’sRijks Herbarium at Leiden 
I further saw a herbarium specimen, which according to the label, 
had been collected in 1841 by Forsten “on extensive beds of lava” 
in Ternate (Spice Islands); this specimen had been determined by 
Brumk as Dodonaea Candollei Br. var. minor Brume. In my opinion 
there is no doubt, that this is merely a forn (from an arid locality) 
of the ordinary Dodonaea viscosa (L.) JAcQ. 


$5 3. Geographical distribution and oecological 
eonditions of Dodonaea viscosa in Java. 


The following data regarding the vertical and horizontal distribution, 
and the oeeological condition, of Dodonaea viscosa (LINN.) JAcQ. 
which, in part have already been published in Koorners and VALETON 
l.e., can now be communicated; they are based on observations 
made by myself in Java 1885—1906, and on herbarium specimens 
collected by me. 

In Western and Central Java, as well as in Eastern Java on 
sandy sea-shores, further in Central and in Eastern Java at 1450 m. 
above sea-level and higher, especially above 1800 m. and still at 
2600 m. According to Herb. Kds. it has been collected in Java in 
the following localities: In Western Java: near Tjemara in S. W, 
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Banten, growing on the flat sandy beach. In the Southern Preanger 
near Palaboehanratoe, also on the sandy beach. In Central Java: 
on the G. Prahoe at 2000 m. on the Prahoe-Diöng mountains along 
ihe path from Soerdjä to the Dieng plateau in the res. Tegal- 
Pekalongan. Near Sepakoeng (res. Semarang) on the G. Telemäjä at 
about 1700 m. and also in the res. Semarang an the G. Merbaboeh 
above Andongtjemoro at about 1600 m. In the res. Kedoe on the 
G. Sendarä near Kledoeng at about 1600 m. In the res. Madioen on 
the G, Wilis above Ngöbel at 1450 m. and higher up the mountain 
to 2000 m. In the res. Pasoeroehan-Probolinggo on the G. Ardjoenä 
above Malang at about 2100 m. and on tbe Tenggör mountains 
above Tosari and Ngadisari still at 2600 m. above sea-level. In the 
res. Besoeki on the Idjen platean near the bivouae Oengoep-oengoep 
at 1700 m. and on the Köndeng ridge above Pantjoer at 1700 m.; 
also on the sandy beach of Gradjagan and on the sandy beach of 
Poegir (on the South coast of the divisions Banjoewangi and Djember 
respectively). Completely absent from the regions between the above 
alpine stations and those in the beach. On the other hand where 
this Dodonaea (D. viscosa) appears, it generally either grows socially 
forming smaller or larger woods, or it oceurs at least in very large 
numbers. — Oecological conditions It is completely 
restricted (at least when growing wild) to physiologically dry loca- 
lities, namely either to the dry alpine regions of Central and Eastern 
Java above 1400 m. or on to the sea-beach, which is physiologically 
dry in consequence of its richness in salts. On 'the beach this species 
has been observed by mein W., as well asin Eastern Java. (Compare 
also under “Means of dissemination”, and further K.&V. l.e. 299. 


$$ 4 Means of dissemination of 
Dodonaea viscosa. 


The inflated, thin-walled, light, winged fruits are not only eminently 
adapted for wind distribution, but (as has already been mentioned 
by some authors, and has been confirmed by me experimentally), 
they are also extremely well suited for transport by water. Ofsome 
fruits, which I placed in a 31 "/, solution of common salt, 80 /, still 
floated after 25 days. 

In Java the plant bears a large number of fruits at an early age, 
e. g. before it is 2 years old. 

As I have observed in Central Java, this species occurs wild on 
{wo volcanoes which are more than 40 kilometres apart, in a straight 
line, and on these only above an altitude of 1400 m., whereas it 
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is completely wanting in the intervening plain, except on the sea- 
beach, 30 kilometres off. Since moreover no argument has been 
advanced in favour of dissemination by animals, it would appear, 
that the winds of Central=Java are capable of transporting the fruits 
of Dodonoea viscosa over a distance of more than 30 kilometres 
although these fruits weigh 0,040 grams, and have a surface of 24 
square centimeters. 

There is, however, scarcely need, to point out here, that great 
care is necessary ') in drawing conclusions as to transport by wind. 
I only refer to what has been said above, regarding the wind distri- 
bution of Acer niveum. Notwithstanding the apparent possibility of a 
direct transport by wind over large distances, I consider that also 
in the case of Dodonaea windtransport in stages is much more 
probable. 

Its general occurrence on the tropical shores of the whole world 
is sufficient evidence of the extreme suitability for transport by water 
over very great distances, so that no more need be said on this point. 

The extraordinary power of resistance, which I have repeatedly 
observed, against drought of the air and of the soil, against direet 
sunlight, against the saline contents of the soil and also against strong 
“ winds, together with the property of bearing numerous fruits at an 
early age, which fruits are well adapted to transport by wind and 
by water (also by sea water) — all these characteristics fully explain, 
why this tree appears in Java, as the pioneer of new vegetation 
not only in alpine regions, but also on sandy ‚sea beaches. 

According to what has been said above, the almost complete 
absence of the species from the broad belt between the beach und 
the mountains, is probably due, to the crowding out by other plants 
of such seedlings as may arise from fruits, which doubtless frequently 
fall in the intervening zone. 

Summarising, it appears to me, that the apparently whimsical 
distribution of this characteristic Javanese Sapindacea can be readily 
deduced, with a large degree uf probability, from the properties 
mentioned above, and especially from those properties, which are 
connected with the edaphie condition of the species. 


$ 5. Note on some incompletely known species of Quercus, in 's Rijks 
Herbarium, at Leiden. 


In Koorp. and Varkron Bijdr. Booms. Java X, 65 there are men- 
tioned at the end of the description of 25 species af Quercus, growing 


2) Compare also VOGLER in SCHROETER 1 c. 740. 
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wild in Java, five further species as “donbtful and incompletely 
known”; the latter were included on the authority of Brume Mus. 
Lugd. Bat. I, 294—304; we were unable at the time at Buitenzorg 
to refer to the authentic specimens of these. 

As I have now been able to examine the authentic spetimens of 
Brume in ’sRijks Herbarium at Leiden, I append my observations 
regarding these species. 

1. Quercus Pinanga Bıums Mus. Lugd. Bat. I (1850) 303. 

I completely agree with the view of Kıns, quoted in Koorp. and 
Vareron 1.c. 65. The remark, published by Brums ].e., that the 
above-mentioned species occurs “in Java in the mountain forest” 
must therefore be regarded as not wholly accurate because Brum& 
evidently prepared his diagnosis from a few leaves of Quercus 
glabra TunB. (from Japan) an old tree of which was observed by 
me in a cultivated state in Hort. Bogor. as late as 1903. 

Q. Pinanga Buumz should therefore be erased from the Flora of 
Java and be considered synonymous with Q. glabra Tuuns. 

2. Quercus litoralis BLUME |]. c. 309. 

On the authentic herbarium label there was written i.a.: “Quercus 
litteralis Bl., Java, leg. Brume, Pasang-laut (Sund)”. 

Since the native name is Sundanese, this species cannot come from 
Eastern Java, as Bıume l.e. incorrecetly remarks, but must come from 
Western Java, probably from the Preanger or Banten, where most 
of the specimens, colleeted by BLumr, were obtained. 

The authentie specimen I regard as beyond doubt synonymous 
with Quereus spicata SM. var. gracilipes Kına (comp. KooRD. and 
Vareton l.c. 42). This species of Brume’s must also therefore be 
deleted. 

3. Quercus glutinosa Buumr l.e. 304. 

According to the authentic herbarium label of Rkmwarpr this 
species was named by REINWARDT in manuscript Quercus micans 
Reinw., and was afterwards‘renamed by Brumr Quercus glutinosa Bu. 
moreover, it was not collected “in the mountain foresis of Western 
Java” but found by Remwarpt near Tondano in N.E. Celebes, in 
the year 1821. This species can therefore also be deleted from the 
flora of Java. It is not, as Mıguen incorreetly thought, identical 
with Quercus induta Bu., to which it shows a superficial resemblance; 
the species is speeifically distinet from Q. induta BL., as was indeed 
already correctly surmised by Dr CanporLzr and by Kına (comp. 
Koorp. and VAaLHton l.c. 65). 

4. (Quercus sphacelata Bruma ].c. 304. 

The authentic specimen of this species consists of a branch with 
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leaves, but without flowers. I consider it a large leaved shoot (for 
instance, from a latent bud of the trunk) of Quereus spieata Sm. var. 
gracilipes Kıne. 

On the authentie label is written“ Quercus sphacelata Bı.., Pasang, 
Java, in montanis Moeriah, Herb. Waitz.” 

5. Quercus nitida Bu. l.e. 294. 

The view, already expressed in Koornp. and VaAukton l.e. 65, that 
this species, which so far has only been recorded with certainty 
from Sumatra, does not yet belong to the flora of Java, is confirmen 
in my opinion, by the material in ’s Rijks Herbarium at Leiden. 


Leiden, March 1908. (To be continued). 


Geophysics. — “The Starting Impulse of Magnetie Disturbances.” 
By Dr. W. van BEMMELEN. 


(Communicated in the Meeting of March 28, 1908). 


Last year!) I communicated the compilation of a statistical list of 
the magnetic disturbances which the magnetograph at Batavia has 
recorded during the period 1880—1899. I drew the attention to the 
phenomenon of the starting impulse i.e the suddenly appearing 
change of the magnetic elements, which very often accompanies the 
beginning of a magnetic storm. 

This phenomenon appearing in like manner at Batavia and at 
other places, I ventured a supposition on the manner in which we 
can represent to ourselves the appearance of magnetic disturbances. 
To obtain a closer knowledge of this in my opinion very instructive 
phenomenon, I requested at the end of 1906 all Magnetic Observa- 
tories to give me their data for a number of cases selected by 
myself. 

With great readiness those data were forwarded to me from 
several observatories and it is an agreeable duty for me to express 
at this place my thanks for it. 

Besides this material received from many sides I have worked 
out all cases registered at Batavia and at Buitenzorg and have also 
been able to watch the nature of the electric earth-current during 
the phenomenon. I wish to communicate here of the results of this 
material what is most important, commencing with Batavia. 


I) Proceedings 29 September 1906. 
Also: Observations made at the R, Magn. and Met. Observatory of Batavia, Vol, 


XXVII, App. III. 
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BATAVIA. 
Out of the diagrams obtained in the period 1882—1899, 1 measured 


for 131 cases the amount and the duration of the initial movements 
of the three components (Horizontal Intensity = H, Declination —= D, 
Vertical Intensity = Z. 


Direction of the initial movement. 

A H was. without exception positive. 

A D was with a few exceptions West; but 12°/, of the number 
of cases was introduced by a slight Easterly movement. 

A Z was negative; but in 6°/, of the number the movement was 
introduced by a slight positive movement. 

Duration. 

Here I have not taken into consideration the duration of the slight 

introduetory movement. 
124 cases furnished : 

A =45 mn). AD 32min. A 7 120mm 


The duration of the Z movement is in general diffieult to deter- 
mine, as the decrease of the vertical force keeps on mostly much 
longer. 

It is important to notice that the initial movement of D stops or 
is inverted, whilst of #7 the increasing movement keeps on. 

Amount. 

The average amplitude of the movement, arranged according to 
the different parts of the day in which it took place, expressed in 
0.00001 C.G.8S. (=y): 

h AHiN DIDI 
0—6a.m. +45 7W —11 
6-12 „ +41 10, —16 
0—6p.m. +52 7, —16 
6-12, RZ 
Of a characteristie inequality of the vector during the day little 


is noticeable. The amount A H arranged according to the duration 
of the movement is: 


Duration AH Number of cases 
0— 2 min. 53 y 15 
2—4 „ 43 45 
4—6 „ 42 35 
6—8 „ 33 20 


8- 15 „ 46 6 


» 
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So the amount of the movement is fairly well independent of the 
duration, from which results inversely that the shorter the increase 
of H is, the quicker it is. 

Let us finally observe- that the‘ appearing of the slight easteriy 
movement did not show any preference for certain times of day or year. 


BUITENZORG. 


Since May 1906 a Törrer-SchuLzs magnetograph has registered at 
Buitenzorg, which gives the curves of the three elements on the 
same registering-strip; this circumstance besides that of giving finer 
lines, greater sensibility and wider measure of time, is very suitable 
for the study of the initial-movement. 

For the period May 1906 — Nov. 1907 I measured 29 cases and 
from that material it was .clearly evident that in most cases the 
movements of the elements display a certain independence of each 
other and do not always begin at the same moment. 

I caleulated the azimuth of the horizontal component of the vector 
for the first part of the movement, so before the movement of D 
is inverted, and I found in 20 cases directions between the extremes 
N and N 58° W, an average of 


N 21°W. 


Vertical Intensity. 


% 


The results for A Z were surprising; for the vertical component 
showed, different from that of Batavia, an introductory positive 
movement followed by the slow negative movement known of 
Batavia. 

Here no instrumental cause had anything to do with the matter: 
both magnetographs (of Anız and ScHuLze) registered this premove- 
ment at one time at Batavia very rarely, but at Buitenzorg regu- 
larly. Luckily registrations have been made for more than a year 
at Batavia and at Buitenzorg at tbe same time and from those 
registrations it was evident that the introductory movement at 
Buitenzorg precedes that of Batavia. The introductory movement at 
Buitenzorg commences (according to the average of 29 cases) 0.3 
minute after the //-movement begins and lasts about 1 to 3 minutes, 
after which the Z-lines of both places show simultaneously a decrease. 


ANSWERS TO THE QUESTIONS. 


The data on the initial movement were asked for in my letter 
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for a number of cases, in which that movement had made its appear- 
ance under different circumstances at Batavia. The answers were of 
a very different nature and therefore I made of each case a summary 
diagram in which in an equal manner under each other was noted 
down the registration image of HM, D and Z for each station. In 
many respects it would be useful to reproduce these diagrams, but 
the difficulties connected with it and the numerous imperfections of 
the material have made me set it aside. 

These imperfeetions are chiefly caused by the measure of time of 
the diagrams of the various observatories not being taken ample 
enough to be able to fix the simultaneity of the different movements, 
which take place within a few minutes. 

From the notation of the TÖöPFER-SCHULZE magnetograph at Buiten- 
zorg where the circumstances were pretty favourable I could deduce 
with certainty that the commencement of the movement of the three 
components is often not simultaneous. Accuracy down to parts of 
minutes cannot be demanded of most magnetic diagrams, where 1 
hour takes up 10, 15 or 20 mm. It was therefore impossible to draw 
trustworthy maps, on which the vector of disturbance during the 
initial movement was represented in its varying magnitude and 
direction, so I must restriet myself to the following. 

In the following table the direction of the movement has been 
given for all the cases. 

In the case of an introductory movement of slight amplitude this 
is indicated for A by +/= or —/%, for D by w/E or e/W. 

In some cases the introductory movement was of the same order 
of amplitude with the following movement and this is accordingly 
indicated by #/— or —/£ and W/E or E/W. 

We see in this table the movements of one or more elements for 
different constant direction. Further information is furnished by the 
annotation of the Rev. P. ps Moıpkkry in the “Bulletin des Observations 
de 1’ Observatoire de Zie-Ka-Wei, T. XXXI” and the copies of 
disturbances for Greenwich, Pare st. Maur and Samoa. The former 
states for Zi-Ka-Wei the frequeney of the positive H and Z 
movement at 95 pCt. and of the # movement of D at 90 pCt.; 
whilst out of the Samoa curves the 7 and Z movement proves to 
be + in 9 cases. 
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Hence the following movements appear pretty constant: 


Station H D PA Geogr. Latitude 
Batavia + .W = —6° 
Buitenzorg + W +/— —7° 
Manila + n- 15° 
Zi-Ka-Wei + E — 31° 
Samoa + - —13° 
Honouu + no reg. 20° 
San Antonio E= 2% 
Coimbra - no. reg. 40° 
Greenwich + 51 
St. Maur — 49 
Perpignan + 43° 
Bombay + 0 reg. no reg. 19° 
Mauritius + + — 20° 
Melbourne —38° 


So it seems that the constaney in the appearance of a definite 
sense of movement decreases with the geographical latitude and that 
it is furthermore for 7 the greatest and for D the smallest, more- 
over for H always with a positive sense of movement. 


EXTENSION OF THE MOVEMENT ABOUT THE EARTH. 


The nature of the initial movements, which took place simultane- 
ously on different points of the surface of the earth could be studied 
by means of the above mentioned summary diagrams. 

It was quite evident that for 4 and D but not for Z places lying 
close to each other show about the same image, but that for places 
in other parts of the world this is often quite different. 

The small number of stations ‘only allowed a closer investigation 
of that differenee for North-America and Europe. I therefore give 
below a survey of the movement for A and Din Europe and North- 
America, where however the latter for the years 1892--94 is repre- 
sented only by two stations (Toronto in Canada and San Antonio 
in Texas). 
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Date Europe N.-America 
AED AH AD 
May 1842 18922 w/E =/£ e/W 
July 16th 3 — EandW are missing 
Aug.’ l2blusz, — EandW + EandW 
„ 18h 18983 + e/W are missing 

Sept. 25h ,, + W a 
Jan. 2rd 1894 + w/E = E/ W (only San Antonio) 
Pebry,20 5,5 je —/ w/E 
July 20h + &W + e/W 
Aug. 20h + e/W + w/E 
Nov. 13:87 22/2 8/W Hz wiE 
Aug. 16h 1902 + e/W + w/E 
April 5 1908 + e/W —/£  wj/E 
Febr. 3rd 1905 + e/W + w/E 


We see here repeatedly that the European group and the American 
une are the reverse of each other, and in Europe we find mostly a 
N.W. vector, in America a N.E. one, which points to a centre of 
disturbance near Greenland, thus situated near the magnetic pole and 
that of the Aurora-Borealis or pole of disturbance. 

For some cases I have tried to obtain a survey by means of a 
map with the simultaneous vectors of disturbance, but here the 
almost insurmountable diffieulty presents itself, that one cannot 
make up simultaneous values of A A and AD, which are really 
trustworthy. Above I pointed to the fact with reference to the 
measurements on the Buitenzorg magnetograms, that this requires an 
ample and trustworthy time-measurement. Though it was impossible 
for me to caleulate exact values for the azimuth of those vectors, 
yet I could about fairly well find the direction. 

For the initial movement of the disturbance on Febr. 34, 1905 the 
vectors of the introductory movement pointed to a centre at the 
West coast of North America and that of the main movement to a 
centre near Greenland. For the disturbances on Aug. 16%, 1902 and 
April 5'b, 1903 I found about the same '). 


VERTICAL FORCH. 


It is a striking fact, that places Iying at a slight distance from 
each other show an opposite change in the vertical component. Above 


!) Writing this I see from a paper by Dr. Brückmann (Meteor. Zeitschrift, 
1907, No. 12) on the same subject, that he also arrives at a centre of disturbance 
appearing in the vicinity of the magnetic pole, 
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I already mentioned that Batavia and Buitenzorg are different in 
this respect and now I discovered that Greenwich and Paris (Pare 
St. Maur) show regularly an opposite movement. Out of the repro- 
ductions of diagrams of disturbances published for several years 
I made the following: list. 


St. Maur and Greenwich. 


St. Maur Greenwich 
Date DONE ARE DET AZ NEN TNDIRZ 
1891 March 2 2 + .e/W - + e/W + 
June 14 ) + E - Deosene 
1892 January 4 19 + E - + wl/E = 
February 13 5 + EW - is EW + 
» 202 2°19 + EW - + W + 
Match 1.73 + uw ee 
May 16 22 + E = + E + 
#1 418 8 + w/E = Den 
June 27 5 2 E = + W + 
July 12 18 E- W — en W = 
July16 13 :+ eW +. + EW -+ 
ie a 
Bent 57223. —y- EWı — —r EIW + 
1893 March 25 4 + E = + E + 
Apenr20  16- —/.  .W — -/#. e/W 4 
June 9 13 + W _ ea > 
August 6 4 + eW - + «W + 
September 8 i! + W -_ it En 
894 January 11 20 + W _ + Var = 
February 20 20 + E = ab 1 Wi 
” 22. 22 + WI 7 + WW" + 
> 238 15 + W _ Be a 
July 20 6 + E _ + E + 
1895 May 29 15 + eW —- ik  elW -/% 
1896 July 23 18 ı-/4 WW - a 
a I -_ ie, el ie 
1898 March 15 1 +.W - + W + 
ER) + W _ /+ W + 
September 9 14 + W _ + ee) 
1899 January 28 19 + W _ + W + 
June 28 22 + WW — + Wh 


1) During a disturbance, 
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It is seen that A 7 and A D generally correspond ; only for 7 
the introduetory movement is more frequent at Greenwich; AZ is 
regularly opposite, for Greenwich positive and for Paris negative. 

It is remarkable to notice out of the reproduced registering lines 
how the oscillations following upon the initial movement correspond 
again for the two places; a single striking quick movement amid the 
disturbance, as it were a new starting impulse, is then again opposite. 
This repetition seems to be a real phenomenon. Thus the initial 
shock on Oct. 30:h, 1903 was a clear initial movement amid a distur- 
bance going on already for hours. At places with higher latitude it 
lost itself in the oscillations of that older disturbance. The pbenomenal 
violence of the second part of the disturbance is perhaps vwing to 
two disturbances being placed one above the other. At the violent 
disturbances of Febr. 13:h, March 6: and June 27, 1892, as well 
as of Aug. 6‘, 1893 two initial impulses appeared. 


THE CAUSES Or THE INITITAL MOVEMENT. 


The remarkable inequality of the movement in the vertical force, 
so constant for places situated elose to each other, offers us perhaps 
a means to clear up what is puzzling in this phenomenon. 

If we aitribute the appearance of those vectors of disturbance 
to that of electric currents, as is more than probable, then it 
is impossible to assume that the movement of electrieity which 
generates these vectors would have in the free atmosphere such a 
distribution limited to the place. The cause of this must be in the 
appearance of the electric earth-eurrent. We must assume that, when 
suddenly a disturbance arises, the earth-eurrent then generated selects 
fixed paths through the earth-erust. 

That the earth-current for different places of the earth situated 
close to each other may be different, is highly probable; at least for 
the surface-eurrent I have found it lately ‘) for North- and South- 
Java. The inequality was, that as the corresponding magnetic variations 
became shorter the earth-eurrent variations increased more in ampli- 
tude for the voleanie southern part than for the alluvial and diluvial 
northern part. 

This great difference in earth-current must become much less for 
the deeper strata; proof of this is found in the equality of the 
magnetic variations at Batavia situated on the Northeoast of Java 
and at Buitenzorg on the edge of the volcanie part. 

But the possibility for a difference when a current is suddenly 


!) See the following paper: Earth-eurrent registration at Batavia, nd commu- 
nication, 
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generated is made possible by these results for deeper strata too. 
On the diagrams obtained at Batavia when the earth-current is 
registered, there are a few cases of an initial impulse and as the time 
unit was very ample “1 millim. = 1 min.) and moreover as the 
magnetic component‘ton was registered with great sensitiveness, these 
cases are very instructive. 


Date Initial movement of the E-W earth- 
and current commences before that of 
Hour. the magn. North-component. 
14 May 1906, 4ra.m. Bat.’ 0.Omin. Comimnenc. gradual 
30 July r et f. 0.6 „ * “ 
3 September ‚, 7 p.m. . 0.0 , „ Pretty sudden 
22 r # Bias ” 0.0 ,, „ sudden 
10 November „ 12 „ > 005%, „ Pretty sudden 
26 > r 1am RB 0.0 ,, „ . sudden 
26 December „ 1i1p.m. ,„ 0.0 , # = 
8 January 1907 12 „ ; 07, 3 M 
Eyes, a 3 am. ” 0.0, „ pretty sudden 
14 February ,, an“ ® 0.0 ,„ „. sudden 
27 January 1908 9p.m. » 00% 35 15 


With the exception of one case, where indeed the determination 
of the time was less accurate on’ account of the gradual commence- 
ment of the initial movement, we thus find simultaneousness for the 
initial movement for earth-current and magnetic vector. 


As has often happened, we must change a hypothesis of explanation 
formed on first getting aequainted with the facts, when later on we 
have arrived at a more extensive knowledge of the facts by extension 
of the material. 


This is the case here too. 
Though I at first thought to find the seat of the current of electrieity 


which is supposed to generate the initial impulse in the highest layers 
of the atmosphere, the nature now revealed of the vertical component 
induces me to look for the seat rather in the earth itself. 

At the outset the current must be in general an East-West current 
of positive or West-East of negative electrieity, because everywhere 
the horizontal magnetic component increases. The situation and form 
of that eurrent seems to be variable and to undergo a great influence 

BR) 


Proceedings Royal Acad. Amsterdam. Vol. X. 
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of a proper magnetism of the earth; it also eeems to change during 
the increase in intensity and situation. For the magnetie disturbance 
itself following immediately upon the initial impulse we must assume 
that especially extra terrestrial currents are the cause; at least for 
the‘ magnetic after-disturbance as well as for the part that shows a 
regular daily variation I have made this probable'). Moreover the 
Aurora Borealis points to this. The magnetic vector of after-disturb- 
ance is the mean vector of disturbance deprived of its greater and 
smaller oseillations during the disturbance. It increases rapidly after 
the initial impulse and then slowly decreases. 

As here the horizontal intensity just decreases we must conclude 
to a likewise W-E. current of negative electricity in these higher 
atmospheric layers. It remains an open question why the intra-terres- 
trial current at the outset and the extra-terrestrial current during the 
further course of the disturbance have both a constant East-West 
direction. 


Geophysics. — “Registration of the earth current at Batavia.” 
2nd part. By Dr. W. v. BEMMELEN. 


In my first paper on the registration of electric earth-currents at 
Batavia, to investigate the connection between the oseillations in 
earth-current and magnetic force, I had to point to several unan- 
swered questions. 

First of all the fact that the earth-eurrent between Anjer and 
Batavia is four times greater than the one between Batavia and 
Cheribon. I hope soon to be able to measure the current between 
Batavia and a place E. and $. of Anjer to try to shed light on this 
abnormality. 

Further more it remained a mystery why that connection with 
the magnetic force showed such a characteristie difference for the 
current between Semarang and Batavia with that for the current 
between Batavia and places closer by. That difference consisted chiefly 
in the fact, that when the duration of a magnetic oscillation becomes 
shorter, the amplitude of the earth-current increased much more for 
the long line than for the short one. 

I pointed out, that perhaps an influence of the distance might 


!) Met. Zeitschrift 1895. p- 321. T. M. VIII p. 153. 
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have something to do with it and that a registration of the current 
at Semarang going over the distances Semarang—Cheribon and 
Semarang—Soerabaya would probably be able to enlighten us in that 
respect. E 

This idea I have, :indeed, been able to realize by a visit to Se- 
marang in the month of December 1907. At the Post- and Telegraph 
Office they kindly accommodated me for some days with a room 
where I could place the instruments used at Batavia. Though I had 
some delay by a slight aceident, yet I could get excellent diagrams 
during two nights. 

The result was definite, viz. the current between Semarang — 
Soerabaja and Semarang—Cheribon corresponds in character and 
intensity to that between Batavia—Cheribon. 


Oscillation Amplitude of the earth current in Volt per K.M. 


of the magnetic Amplitude magnetic component in dynes. 
North component. 


Sem.-Cheribon Sem.-Soerabaja Batavia-Cheribon 


Half : ; Found Number 
oscillation Amplitude 18-19 December 1907. formerly. of cases. 
FT Te er ten ensure 
0.5 min. 1.2 22.6 19.3 3 44 
4407, 1.5, 20.9 16.9 20.5 141 
13:5 „ 3.0-, 16.2 44.4 16.0 8 

49—20 December 1907. 
0.6 min. 0.57% 36.3 93.6 93.0 33 
2 0 14, 93.4 20.0 20.5 16 
DD 2.4 „ 20.3 16.7 16.5 19 

So: 

Earth-current Earth-current 

Duration of half an Batavia-Cheribon _ Batavia-Cheribon 

oscillation Earth-current Earth-current _ 
Semarang-Cheribon Semarang-Soerabaja 
0.5 min. 0.94 1.10 
18—19 
xp 01 4.0. 0,98 1.21 
13.5 „ 0.99 1.11 
0.6 min. 0.87 0.97 
49—20 
Ser 1.4 0.88 1.02 
ec ” 


9.5, 0.81 0.99 
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The registration of both nights together gives: 


Duration of half 


an oscillatiion Amplitude Sem.-Cher. Sem.-Soerabaja Number of cases 
0.86 min. 0.6 7 24.3 21.4 20 
0.65 „ 0.9 26.3 22,8 20 
OST, 0.9 26.5 22.7 20 
1.08 „ 1.2 23.7 19.7 10 
3.052 „ 1.0 22.9 18.3 10 
(3.1008, 32 22.0 18.2 11 


From these numbers we also find the initial increase of the 
earth-current amplitude for the (half) duration smaller than about 
0.7 min. just as it was found for the currents Batavia—Cheribon 


and Batavia—Anjer. 
For the difference in phase was found out of 14 cases, Semarang— 


Cheribon 17°.5, Semarang—Soerabaja 16°7, whilst for Batavia— 
Cheribon formerly 22° was found. 

So the registration at Semarang furnished a highly important con- 
‚Firmation of the results found for Batawia—Cheribon. And yet no 
conclusion could as yet be drawn for an influence of the distance 
on the amplitude. 

And indeed, new observations made at Batavia soon offered 
another view upon the subject. I heard that a connection with 
Semarang was possible at the same time along lines through the 
Northeoast plain and along the line already used round the South 
by the railroad. 

Registration with these lines running between the same earthplates 
at Semarang and Batavia (observatory) gave the remarkable result 
that the current in both lines was unequal. 

The Northline corresponded with ‚results found before on the 
Batavia—Cheribonline, the Southline gave again the heightened increase 
of the earth-current amplitude when the duration of the oseillation 
decreased. 


Di:ration of half Amplitude Earth-currentin Volt perK.M. Numk 
an oscillation X Amplitude magnetic component in dynes umbenak er 
Southline Northline 
0 50 min. 62 28 90 
0.77 48 29 20 
1.53 50 34 30 
5.53 9% 937 A 
8.60 23 97 au 


21.77 413 20 1 
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DIFFERENCE IN PHASE 


N 


Duration of half South- |Number Duration of half Northli Number 
oscillation X line _ of cases oscillation X OrENINE I Fr cases 
ER TE m EB em gr u a EI TE ge Te 

0.8 min. le 39 1.3 min. 16° 68 

68 „ 31 18 ES 5 18 40 

16.4 „ 31 20 170 „ 26 23 


So the difference in phase is different for the two lines. Extra- 
ordinary is here the increase of the difference in phase for the North- 
line, which is not found on the other lines. 

Formerly was found for the difference in phase on the line 
Semarang—Batavia 36°. Whether the difference with the difference 
in phase now found of 31° is real must still be called doubtful. 


These new results led to the conclusion that the difference in 
character found formerly might not be attributed to the greater 
distance, but to a peculiarity of the line itself. As the two lines 
round the South and the North were between the same eartlı- 
plates and possessed about the same resistance, I had to conclude to 
an appearance of electromotive force in the line itself. There are 
{wo possibilities for this: 

1st. induction immediately in the wire; 

2ed, contact with the ground. 

Now it is very well possible that both causes are very different 
in the diluvial and alluvial plain of the Northeoast and the volcanie 
Southern regions. 

To separate these two causes I have taken the following double 


experiment. 


Batavia and Cheribon are connected by two parallel brass wires 
of the interceommunal telephone; there are likewise two telegraph 
wires on the same poles between Batavia and Soerabaja. Such a 
double line I connected with my galvanometer and switched on 
between galvanometer and earth a resistance which was great com- 
pared to that of the wire. (For Cheribon that resistance was 5000 
Ohm, for Soerabaja 40.000 Ohm). I then left both wires connected 
with the galvanometer for some hours and then broke off the con- 
nection with one of the wires. 

After a few hours I switched this wire on again, but broke the 
connection with the other one, and then finally I connected both 


wires again. 
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If now the earth-current were only a current from groundplate to 
groundplate then during these changes it might change but slightly 
in intensity, as the total resistance changed so little. 

On the other hand, if the earth-current were for a part not origin- 
ating from the plate, but was immediately caused by induction or 
an other influence (e.g. the catching of electrons moving in the 
atmosphere) then that part when connected with one wire would be 
half of that when connected with two wires and so a considerable 
difference in intensity of the current would be noticeable. 

It might be possible that this influence differed with the duration 
of the oscillation of the magnetic component and were different in 
the coastregion from that in higher voleanie regions in South-Java; in 
this way the difference in character found above might be explained. 

Before mentioning the results of this experiments I wish to con- 
sider what the influence is of the loss by isolation. 

The loss by isolation will chiefly take place along branches and 
poles aceidentally touching the wire. The first influence will be 
irregular and in general for both lines alike. 

With the second each telegraphpole will give an earth connection 
with great resistance for both wires at the same time, as the wires 
vun acıoss the same yokes. 

Along this earth connection a current will run if the earth-poten- 
tial at that place differs from that in the wire. 

That current will then feel little influence of the fact whether 
one or both wires are connected with the galvanometer. 

The result of tle experiment for the lines to Cheribon as well as 
for those to Soerabaja was not ambiguous, as the figures below indicate, 


Duration of half an oscillation Amplitude earth-curr ent in m.m. reading. 
Amplitude. x in m.m. reading. 
Both lines One line both lines one line 
1.0 min. 1.2 min 2.5 
2.5 l Batavia- 
54 „ 66 , 2.0 20 ) Cheribon 
0.6 min. 0,3 min. 6.1 
= l Batavia- 
83 „ 19,3. 1.4 15 | Soerabaja 


This simple experiment is in ıny opinion of fundamental import- 
ance, as it shows that no electromotorie Force is roused in the line 
ütself, a fact that a priori cannot be called so improbable. 

Nothing remained now but to assume that the difference in character 
of the current in the North-line and in the South-line is caused by 
the fact that by the loss by isolation the eurrent is partly taken up 
out of the ground over which the line runs and that that current 
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was different in the Northeoastplain to that in the mountains. If this 
were so, then the earth-current in the Preanger country, where the 
Southline runs in a niveau of + 600 M. between numerous volcanoes 
would have to show the same peculiarity. To prove this it was for- 
tunately not necessary for me to remove with my instruments, but 
I could suffice by making the following connection. 

Earth at Buitenzorg—Galvanometer—Observatory—Batavia—Bui- 
tenzorg—Tasikmalaja— Earth at that point. Buitenzorg is situated 
at ihe N.W.-foot of the mountains and Tasikmalaja at the East foot. 
Both places lie still at a height of + 300 M. above the sea. 

Loss by isolation along the poles on the there-and-back line 
Buitenzorg— Batavia—Buitenzorg could not bring the earth-eurrent 
out of the plain between Buitenzorg and Batavia into the line, and 
could only cause a part of the Preangercurrent to flow away. That 
loss could thus not falsify the result. 

The current between Buitenzorg and Tasikmalaja really proved to 
possess the above mentioned character, i.e. it showed a much stronger 
increase when the duration of the oscillation decreased than the 


Northcoast lines Batavia-Tasikmalaja 
Besen of halfan oscillation Ampl. Earth-current in Volt per K.M. 
Amplitude x in dynes 
0.4 min. 60 
0.8, 56 
422.2; 55 
902, 15 


If loss by isolation is the cause of the inequality of the current 
between Batavia and Semarang round the North and the South, 
then that loss will be smaller in the dry season than in the wet one. 
And, indeed, I found that this was the case as the figures below 
will indicate. 


48—21 Juni 1907 December 1907 
LT og —_ ne 
Duration of Ampl. Sem.-Bat. current Duration of Ampl. Sem.-Bat. current 
half an in Volt. p. K.M. half an in Volt. per K.M. 
oscillation Ampl. X in dynes 0scillation Ampl. X in dynes 
0.6 min. 43 0.5 min. ' 62 
120, 35 08, 48 
Ir 31 169% 50 
DEU, 18 DRose,, 24 
1155 13 8.000, 23 
21.8, 13 


These charaeteristie differences treated above can perhaps afford 
an occasion to find an explanation of the nature and the cause of the 
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earth-eurrents, but more observations under other eireumstances will 
undoubtedly be necessary. 

It seemed important to me to investigate whether that great 
difference in earth-current is always incidental to difference in amplitude 
of the magnetic variations. 

For, Buitenzorg lies on the edge of the voleanie Southernpart of 
Java, and Batavia lies in the Northeoastplain ; moreover simultaneous 
registrations of the magnetic component are for both places available. 

I have used the registration of the X-component at Batavia on the 
earth-eurrent diagrams and of the Törrer-Unifilar of the X-component 
at Buitenzorg. 

In January, February, March, July, August, September the magnetic 
variation-instrument registered on the earth-eurrent diagrams the mag- 
netic component perpendieular to the direetion Batavia—Anjer, i. e. 
N4°E. The difference in direction with that on TörreEr’s instrument 
with which the X-component was registered, can be neglected. 

On each diagram I compared the amplitude of a variation of short 
and of long duration, as much as possible at an equal distance 
from the basis. In this way I was independent of differences in values 
of the scale division and other differences. 

] got as average case in 80 cases in the months of January — 
March ’07 and 24 cases in the months of June—September ’07 : 


Average Amplitude of the 


Variations of Variations of 

short duration. long duration. 
Buitenzorg Batavia Buitenzorg Batavia 
1.44 m.m. 13.21 m.m. 2.68 m.m. 21.27 m.m. 
ENADAı Sr So ılaass 2:03, 24.03 


12 2S9m.nR 41.21 m.m. 2.79 m.m. 22.49 m.m. 


2 
Whilst thus the longer variations give a proportion ei = 201 
8 : 


2.79 
the short pulsations give se 2.24. 


That difference of 10 °/, I believe must be aseribed to the following 
eireumstance: 

According to the image of the earth-eurrent diagrams, on which the 
pulsations are large and easy to see, the points of reversion are 
pointed. On the Buitenzorgdiagrams on a & ten times smaller seale 
those sharp points are blunted and we obtain a too small amplitude. 

That shortening can be estimated at a tenth millimeter, i.e just 
10 °/, of the amplitude. 
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With the oseillations of long duration that inaccuracy in the 
registration does of course not appear. 

So we come to the conclusion that the oscillations of short and 
of long duration of the magnetic .force at Batavia and at Buitenzorg 
have the same ratio of amplitude and that they therefore cannot be 
caused, or only for a small part, by the current running through 
the outer crust of the earth. 

By far the greater part of the influence of the earth-currents 
must therefore come from currents at greater depths and of greater 
extension, and more equal in intensity. 


Chemistry. — “On the Tri-para-Halogen-Substitution- Products 
of Triphenylmethane and Triphenylcarbinol.” By Dr. F. M. 
JAEGER. (Communicated by Prof, A. P. N. FRANCHIMONT). 

(Communicated in the meeting of March 28, 1908). 


$ 1. Some years ago, I investigated ') erystals of Tri-p-Chloro- 
Triphenylmethane, from different preparations which had been obtained 
by Dr. P. J. Montacne in two different ways, namely from p-leuca- 
niline by diazotation and subsequent introduction of the three chlorine 
atoms and from tetrachlorobenzopinacoline by intramolecular rearran- 
gement. 

1 then gave a detailed description of the remarkable optical be- 
haviour of the compound in convergent polarised light and endeavoured 
to elucidate the same by a coloured figure. 

Wishing to extend this research also to the other halogen-deriva- 
\tives, I have first of all prepared the tribromoderivative of p-leu- 
caniline by the method proposed by 0. FiscHEr and W. 
Hess. :) Afterwards I received from Prof. Fischer a small quantity 
of each of the three halogen derivatives, which enabled me to prepare 
the three corresponding trihalogen-carbinols by oxydation with chromie 
acid in acetie acid solution, so that these three substances could be 
ineluded also in this investigation. I will not omit to thank this savant 
once more for his kind assistance. 

Of Tri-p-Bromotriphenylmethane‘) I gave a description a short 
time ago in the Zeits. f. Kryst. 44, 57 —58. (1907). The habit of 
{he erystals is quite analogous to that of the chloro-compound; they 
are more compact of form and generally much larger, but at the 
same time they cannot be measured so accurately, owing to a curving 


t) Receuil 24. 124, 131. (1905). s 
2) O. Fıscner und W. Hess, Berl. Ber. 38. 336. (1905). 
3) F. M. Jasger, Zeits. f. Kryst. und Miner. Bd. 44. 57. (1907). 
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of the planes. Nevertheless the complete isomorphism with the chloro- 
compound may be clearly shown; of course the differences are some- 
what larger than in the case of isomorphous substitution products in 
which one atom only is replaced by another and not three at the 
same time, as is the case here. 

$ 2. In the following the crystalforms of the diverse substitu- 
tionproducts. are described. 

Tri-p-Jodotriphenylmethane. 

(C,H, :CH: m. 8.82% 

This compound was kindly presented to me for investigation by 
prof. O. Fischer of Erlangen. 

From ligroin it erystallises in small, 
refractive, pale yellow needles which are 
readily measurable. From benzene, howe- 
ver, a double compound containing benzene 
crystallises in large transparent prisms. 
The chloro- and bromo-compounds, how- 
ever, do not unite with benzene; from 
the benzene solution the erystals of the 
pure compounds are always deposited. 


A. Tri-p-Jodotriphenylmethane, from 
ligroin. y 

The symmetry is rkombic-bipyramidal; 
the axial ratio is caleulated as: 

a:b:c= 0,5765 :1 : 0,8798. 

Evidently this substance is directly 
isomorphous with the C7/ and the Br- 
compound although here the differences 
are again more considerable than usual 
on account of the simultaneous substitu- 
tion of three isomorphogeneous atoms. 

Fig. 1. Forms observed : m = {110}, well deve- 

Tri-p-Jodotriphenylmethane. loped and lustrous; «a 4100, very nar- 
row and dim; q={011}, yielding good reflexes ; p= {130}, very 
narrow and dull. 


Angular values: Measured : Caleulated : 
m :m = (110) : (110) = *59° 553/,' 2 
m: q=(110):(011)—= 70° 30%/,' 70° 441/,' 
q: q= (011): (011) = *89° 41' — 
m: q=(110):(130)= 30° 15’ 30° 30' 


Distinetly cleavable along m. 
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The optical axial plane for all rays is {001}; the a-axis is the 
first biseetrix with positive character. Average strong, rhombie dis- 
persion, with e >v; the apparent axial angle in cedar-oil (1,54) is 
about 68°. 

The sp. gr. of the crystals is 2,141 at 15°; the equivalent volume 
290,64. 

Topie parameters: 4:w:o = 4,7883 : 8,3061 : 7,3077. 
B. Tri-p-Jodotriphenylmethane + 1 Benzene. 
Large, very lustrous and transparent cerystals. 


ra nhe +1 Benzene. 

When taken out of the motherliquor they keep transparent for a 
fairly long time but after a few hours they lose all their benzene 
while retaining their form; sometimes there is only a partial loss. 
It is not improbable tbat the amount of benzene varies with the 


temperature and pressure. 


9 
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The symmetry is triclino-pinacoidal. Axial ratio: 
a:b»c=.0,5719:1.:1,4298. 


Ar 101127 e«=109 8 
B==123°45 B==126%217 
BR— 8 1==107°,32' 
Forms observed: 5d= {010}, very predominant and lustrous; 


c= {001} and a = {100}, well developed and yielding slıarp reflexes; 
q= {011}, also rather largely outgrown; r— {102}, narrow but 


readily measurable. 
The habit is flattened towards {010} but elongated along the a-axis. 


Perfect cleavage parallel {010}. 


Angular values: Measured : Caleulated: 
a5. (100).:X010) = #987 5) _— 
e:b = (001) : (010) = *78° 48' — 
ce :a = (001) : (100) = *56° 45’ — 
a:r — (100) : (102) — *50° 10' a 
De (010) : (011) — *#44° 4 — 


iS 


:q = (100) : (011) =106° 8°/,' 


The ratio ofthe axesa and 5 in the two derivatives is quite analogous. _ 
In accordance with the supposition ofa varying benzene percentage 


the angular values of the individual erystals vary rather considerably. 


$3. 


distinetly differs: 


Tri-p-Chloro-compound : 
_ Rhombie-bipyramidal. 
Forms: 
110}; {011}; {0103 5130} ;{0123; 1102 
a:b:c= 0,594 :1 : 0,9261. 
Cleavable towards {110}. 


Thick-prismatie towards the c-axis. 


(110): (110) = 61° 7 
(110) : (011) = 69? 47'/,' 
(011): (OL1) = 85° 36 
SprAr.==d1435; 
Equiv. Vol. 242,16. 


When we compare the three para-substituted trihalogen- 
compounds of triphenylmethane with each other, there can be no 
doubt as to the analogous molecnlar structure of the derivatives | 
in the solid condition. Only in optical orientation the chloro-compound 


Tri-p-Bromo-compound : 
Rhombic-bipyramidal. 
Forms: | 
{110} ; 011} ; {010} ; 102 
a:b:c— 0,5896:1:0,9003. 
Cleavable towards {110}. 


Short-prism. tow. the c-axis 


(110): (110) = 61° 3 

(110) :(011)— 70° 8' 

(011).: (011) = 83° 59% 1, 
Sp. Gr. = 1,752, 


Equiv. Vol. 274,54. 


Tri-p-Iodo-compound : 

Rhombie-bipyramidal. 
Forms : 

110} ; 011} ; {130} 
a:b:c=0,5765:1:0,879 

Probably cleavable t 
wards {110}. 


Elongated prisms towar: 
the c-axis 
(110) : (110) = 59° 551), 
(110) : (011) = 70? 44'), 
(011) : (011) = 82? 41' 
Sp. Gr. = 214; 
Equiv. Vol.: 290,64. 


'Shief dimensions of the crystal 
weture. 
:o — 4,5004 : 7,6225: 7,0593. 


IDptical orientation : 

Che axial plane for violet, blue 
Ü green is {001} but for the 
unge and red rays it is, however 
0}. The first diameter for all 
ours is the a-axis of — charac- 
- The axial angle for violet is 
5 0°. 


noticed from the subjoined 
a. 
from petroleum-ether (b.p. 
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Chief dimensions of the 
erystal structure X: y:o = 
— 4,7327 :8,0270: 7,2267. 


Optical orientation : 

For all colours the axial 
plane 001}. 

The first biseetrix is 
the a-axis of —4 character. 
Weak dispersion: e >r. 
The apparent axial angle 
in cedar-oil is about 50°. 


observations : 


40°—60°). 


Chief dimensions of the 
erystal structure x: w:o= 
4,7883 : 8,3061 : 7,3077. 


Optical orientation : 

For all colours the axial 
plane is {001} with the 
a-axis as first diameter of 
—- character. 

Middlemost 
e>v. 

The apparent axial angle 
in cedar-oil is about 70°. 


dispersion: 


It should, however, be remarked that tbis Tri-p-Chlorotriphenyl- 
methane exhibits also a very interesting optical variability as will be 


Crystals from O. Fischer; the compound is reerystallised 


For all colours the optical axial plane was: 010}. Very strong 


dispersion: eg >»; the a-axis, is the. 15° diameter and possesses a 
negative character. The apparent axial angle in olive-oil is very 
small and amounts to about 5°. 

With other erystals, particularly the thicker prisms, I found that 
the axial plane for violet and blue rays is {001} but for all other 
colours {010}; the a-axis, is the first biseetrix, but now of a positive 
character; the very strong dispersion was: @ > green. 

Other little erystals only exhibited the violet in {001}, and the blue, 
green, red, yellow etc. in the plane {010}. 

b. Crystals from the collection of the Organie Chemical Laboratory 
at Leiden, prepared by P. J. MoNTAcNR. They were optically perfectly 
identical with the crystals which I examined previously. ') Some of 
the erystals had become opaque but had retained their form. This 
fact is already mentioned by MonTAGnE ?) who observes also tbat the 
meltingpoint remains practically unaltered. | 

At my request Dr. MoNTAGNE forwarded me some powder of Tri-p- 
Chlorotriphenylmethane from tetrachlorobenzopinacoline, which after 
recrystallisation from petroleum ether showed the following properties: 

The axial plane for all colours is now {001}. Very strong disper- 
sion: e>»; the a-axis is the 1st biseetrix; the apparent axial angle 


1) Zie Receuil d. Trav. d. Chim. d. Pays-Bas, 24. 124, 131. (1905). 


3, ]oco cit. p. 122. 
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in olive-oil is much larger than in the first case and amounts to 
about 10°. 

Recrystallisation from petroleum-ether does not alter the properties 
of a definite crystal species; all preparations, however have the same 
meltingpoint and a complete identical erystalform. 

We are therefore confronted with the fact that the compound 
CH(C,H,C),, m. p. 92° oceurs, under varying circumstances, in forms 
which cannot be distinguished by chemical and crystallographical 
means, but whose optical orientation is very different. Sometimes, 
the erystals show a pösitive, sometimes a negative double refraction ; 
one crystal shows a crossing of the axial planes for diverse colours, 
another for only a single colour; others again for no colour what- 
ever, the axial plane then being either 001! or {010} whilst the 
dispersion is sometimes: oe >», sometimes Fe 

Of course, the possibility is not exeluded that exceedingly small 
traces of foreign impurities cause this change of the so sensitive 
optical orientation. The result of the investigation of T’ri-p-Chlorocar- 
binol showing its complete isomorphotropie relation to the said deri- 
vative, renders it not improbable that a trifling admixture of this 
oxidationproduet is the cause of the phenomenon. 

In accordance with this is the fact, communicated to me privately 
by Dr. MonTaenz, that a turbidity of the transparant erystals never 
oceurs with the thin rapidly formed needles, but always with the 
thick and short erystals of Tri-p-Chlorotriphenylmethane, obtained by 
slow erystallisation. 

But it is also conceivable that such large molecules as that of 
Tri-p-Chlorotriphenylmethane might in different eireumstances suffer 
small deviations of their average atomistie configuration, which cannot 
be demonstrated chemically or cerystallographically, but which ean 
be shown optically. 

Of late years numerous investigations have been carried out which 
must lead to the conclusion, that many properties of erystallised 
matter such as the growth- and cohesion-phenomena must be con- 
tributed to the regular molecular aggregation, whereas other ones 
Such as the optical properties would have their origin, at least to a 
great extent, in the properties of the molecules themselves. This 
view is strengthened by different observations made with the so-called 
liquid erystals and doubly-refracting liquids; also by some experi- 
ments made by WATLERANT a.o. on the ‚optical behaviour of deformed 
solid erystals. And phenomena like those observed here with Tyi- 
P-Chloro- Triphenylmethane may show that it is possible that the 
spacial configuration of the chemical molecules is variable within 
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narrow limits. I believe I have noticed something similar some time 
ago with a speeimen of the Dibromide of 1-3-5 Hexatriene presented 
to me by Prof. van Romsuren'). Notwithstanding the identical erystal 
form the preparation made by addition of bromine to the hydro- 
carbon showed slight. optical differences with that prepared from 
divinylglycol by means of PBr,. 


Fig. 3. 
Tri p-Chloro-Tripheny]- 
carbinol. 


And although I will not as yet venture 
to give a decision one way or other, I 
fancy that on account of the phenomena 
described here the matter is of sufficient 
importance to be brought to the notice of 
chemists. 


$4. Tri-p-Chloro-Triphenylcarbinol. 
(©, H,Ch, : COH : mp. 98°C. 


Crystallises from ethyl alcohol in colourless, 
strongly refracting needles, also from ether 
+ ligroin. The cerystals possess great lustre 
and are well constructed. 

Rhombic-bipyramidal. 


a:b:-c = 0,6009 : 1 : 0,9781. 


Forms observed: m ={110}, yields ideal 
reflexes; qg = {011}, also yielding irreproach- 
able images; 5={010} and p= {210}, 
narrow but easily measurable. The habit 
of the cerystals is elongated towards the 
c-axis. Crystals from ethylalcohol are short 
prismatie and still exhibit the forms o = {133} 
and s= {102}, generally reflecting badly. 


Measured : Caleulated : 


m: g= (110): (011) = *68° 53°/,' A 
m: b= (110): (010) = #59 0’ < 


m:m— (110): (110)= 62° 1' 62° 0' 
q: 6= (011): (010)= 45° 46‘), 45° 38' 
g: q= (011):(011)— 88° 36°), 88° 44 
b: p= (010): (210)= 42° 27 42° 16°), 
p:m= (210): (110)= 16° 47°), 16°. 48°),. 


1) Compare Trans. Chemie, Soc. (1908) p. 517—524. 
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No distinet eleavage was found. 
The optical axial plane is {001}, with the a-axis as a first bisectrix 


of positive character. Weak dispersion: g>v. The apparent axial 
angle in olive oil amounts to about 55°. 

The sp. gr. of the erystals is: 1,423; the equivalent volume 255,44. 

Topie parameters. y:w: wo = 4,5516 : 7,5748 : 7,4089. 

A comparison with tri-p-chlorotriphenylmethane 
shows that the morphotropic relations of both 
compounds are of such a nature that they bor- 
der on isomorphism. In fact, both compounds 
form mixed erystals with each other. 


$ 5. Tri-p-Bromo-Triphenylcarbinol. 

(C, H, Br), : C.OH; m.p. 133° C. 

Crystallises from ethylalcohol in small colour- 
less, clear erystals possessing a high lustre and 
a good geometrical construction. 

Rhombie-bipyramidal. 
. a:b:c = 0,8407: 1: 0,8081. 

Forms observed: »r = {110}, predominant and 
yielding sharp reflexes; a={100} narrow but 
easily measurable; qg= {011}, gives excellent 
reflexes and is well developed; » = {101} small 
and somewhat dull. The erystals from alcohol 


Fig. 4. 
Tri-p-Bromo-Triphenyl- 
carbino]. are shown in fig. 4. 


Angular Values: Measured : Caleulated : 
m: a= (110) : (100) = *40°. 3%/,' — 
m: q= (110) : (011) = *66° 81, Eu 


g:g=(011):(011)= 77° 52' EEE 
m:m — (110): 110) —= 80° 7'/, SOETEIE 
m: r— (110): (101)= 57° 59 57:58 
r x q= (101): (011) 559507 552 537: 
r:r—=(101):(101)= 87° 45' 87° 44 


r:a—=(101):(100)= 46° Ty ae g 


No distinet cleavage. 
The optical axial plane is $001}; the b-axis is the first biseetrix 


and of a negative character. The apparent axial angle in olive-oil 
is about 65°. No strong dispersion: eg > v. 
The sp. gr. of the cerystals is 1,847; the equivalent volume 269,08. 
Topie parameters: X:$:o = 6,1739 : 7,3439 : 5,9346, 
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In contrast to what was found with both chloroderivatives, tri- 
bromocarbinol shows no distinet form-relationship with tribromo- 
triphenylmethane '). The substitution of HZ by — OH, however, 
appears to exert an influence on the equivalent volume which is of 


a nature Opposite to that which causes the same substitution in the 
chloro-derivative. 


$ 6. Tri-p-Iodo-Triphenylcarbino!. 
(C,H, S),: C—OH; m.p.: 155° C. 

Crystallises from ethylalcohol in fairly large yellowish crystals 
which, however, contain either no terminal pianes at all or else 
strongly curved ones. 

In any case the isomorphism with the previous compound may 
be easily proved. 

Rhombic-bipyramidal. 
2.20.26 = 0,5943 :1 0,817. 


Forms observed: m == {110}, predominant and highly lustrous; 
a= {100} narrow and generally absent but always giving a good 
reflexion; g= {011} distincetly developed but in most cases curved 
and only approximately measurable; r—= {101} was observed once 
or twice. 

Measured: Caleulated: 
m:m— (110): (110) — *#81° 1 AL 
750 WEN: (011) — a er — 

a :m— (100): (110) = 40° 36'/, 40° 30%), 
OA ,66 6, 
m. r=(d10) 2410d)= 58 10 , 58.18 

No distinet cleavage. 

The optical axial plane is {001} with the d-axis as first bisectrix. 
Particularly large dispersion: eg _>v. The apparent axial angle in 
olive-oil amounts to about 80°. 

The compound crystallises from benzene in combination with the 
solvent. 

B. Tri-p-Iodo-Triphenylcarbinol + Benzene. 

This occurs in large, yellowish necdles having a strong lustre but 
generally possessing no terminal planes. In the case of one single 
individual however a few angles were measured. No trace of efflo- 
rescence was noticed in the erystals. 


1) There is no question of a direct isomorphism. By exchanging the a- and b-axis 
we can find a':b':c' 1,189:1:0,9612; which (with double a-axis) somewhat 
resembles the values for the bromoderivative. 


54 
Proceedings Royal Acad. Amsterdam. Vol. X. 
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Trielino-pinacoidal. 
Een Du ae We kur ae Eu Ei ei) 


A—= 9°1% a = 109° 16' 
B— 123° 10' B=17 36 
C= 70° 4), y= 62° 52 


Fig. 5. 
Tri-p-Jodo-Triphenylcarbinol + 1 Benzene. 
Forms observed : c= {001} and a= {101}, equally strongly developed; 
r — {101}, broader than a and c and very lustrous; 5 — {010}, well 
developed; o—= {111} and m = {110}, about equally large and giving 
a good reflexion. 
The habit is elongated towards the d-axis. The ratio db: c is prac- 
tically twice that of the Tri-p-Jodotriphenolcarbinol itself. 
a:c= (100) : (001) =* 56°.50’ = 
c:r = (001): 101) —=*72 6 en 
c:b = (001) : (010) —* 94 12 a 
a: b= (100): (010) —* 70.4'/, en 
c:0o = (001): (111) =* 80 22 a 
m:o= (10): di)= 3922 39.231), 
m:c= (110):(001)= 60 2 59 45 
No distinet cleavage. 
On {01} the extinetion amounts to about 32'/,° in regard to the 
b-axis. Sp. Gz. 2,079 at 17°, Equiv. Vol. — 344,39. 
Topie axes: 4: w:o = 8,4070 : 6,0090 : 9,6950. 


Groningen, March 1908. 
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Geophysics. — “On the analysis of frequency curves according to 
a general method.” By Dr. J. P. van DER STor. 


$ 1. In working out -meteorological data statistically (climatology), 
frequencies of all descriptions are found. No doubt the majority are 
between indefinite limits as most other frequencies of different origin, 
but it also happens that the limits are sharply defined as in the case 
of observations upon the degree of cloudiness, where they lie between 
0 and 10. 

An intermediate form is found in the frequencies of rain showers 
arranged according to duration or quantity; on the one hand they 
are rigidly limited by the zero value, on the other hand the heavy 
showers are without definite limits, so that the curve gradually 
approaches the axis of abscissae. 

The elaboration of wind-observations requires the treatment of 
frequencies in two dimensions, and produces curves, which differ in 
character from other frequency curves according to the nature of 
their origin. 

The development in series according to the formula of Bruns!) 
and ÜHARLIER, appears to be the method indicated for frequeneies 
with indefinite limits; but the deduction of this formula is based 
upon a generalisation in the use of definite integrals as already 
pointed out by Besser and therefore not quite free from premises, 
which may be applicable to the theory of probability but have no 
connection with the problem in question which may be defined as 
the analysis of an arbitrary function between given limits. Besides, 
this method of deduction can hardly be applied in the case of detinite 
limitation. 

The formulae of Prarson, as also those of CHARLIER, are entirely 
based upon the premises of the theory of probability and, as they 
are not given in series form, they only contain a definite number 
of eonstants which, in some cases, is too limited to allow a complete 
characterisation of the curve, particularly in the working out of 
frequeneies of the cloudiness, as will be shown in an example in 
another communication. 

Besides, the constants, which partly appear in exponential form, 


1) H. Bruns. Wahrscheinlichkeitsrechnung und Kollektivmasslehre, Berlin, 1906. 
Idem. Beiträge zur Quotenrechnung. Kon. Sächs. Gesellsch. d. Wiss. Bnd. 58. 
Leipzig, 1906. 
C. V. L. Cuaruıer. Researches into the theory of probability. Meddel. Lunds 
astr. observ. Ser. II. n?. 4. 1906. 
Idem. Ueber das Fehlergesetz. Ark. för Matem. Astron. och. Fys. Bnd. 2. n. 8, 1905. 
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give no clear indication of the part they play in the construction of 
the curve, and it is not well possible to describe their function in a 
simple manner either verbally or graphically. 

The object of this communication is to propose a general and 
simple method by which a curve may be found, which being inte- 
grated between certain limits, defined by the distribution of the data, 
will give the sums characteristie of this distribution, and that for 
frequencies of different kinds, as far as this is possible owing to the 
elements of uncertainty proceeding from the imperfection of the data 
which, of course, always remain. 

This curve, representing the law which the phenomenon follows, 
should be called the frequeney-eurve; the curve of the aggregate 
values, obtained by grouping the original data within definite limits, 
may then be called the curve of distribution according to Bruns. Its 
form depends upon the degree of condensation of the original data 
(Abrundung after Bruxs), but approximates more to that of the 
frequency curve as the condensation becomes less extensive and 
consequently the number of observations is greater. 

Such a development of an arbitrary function can evidently be 
made in an infinite number of ways; it is therefore necessary to 
postulate some general principles. 

The following premises apply to the method of development selected : 

1. That the development takes place according to polynomia of 
an ascending degree. 

2. that for the determination of the constants, the caleulation of 
means .of different orders is used, in relation to an origin favourably 
selected according to the requirements of the various cases. 

The expression “moments” which is frequently employed, has been 
avoided as an unnecessary analogy with mechanical problems. 


$ 2. DEVELOPMENT BETWEEN DEFINITE LIMITS. 


a. No given values of the function at the limits. 


The polynomia, the degree of which is indicated by a suffix, are 
represented by Q,, and the series by: 


AIR HAT ARE een 
The simplest form which can be given to the polynomia is: 
An = a" + aan! 4 a,an—2 a, 
In this case the most practical choice for the origin of coordinates 
is evidently the mean between the limits as then, on iniegrating 
between the limits, all odd terms vanish ; hence a separation between 
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even and odd polynomia becomes necessary, and the general expres- 
sion is: 
"Zar +aar2 Haar... . Mm n even 
aa 2 ur... 0 n odd 
A simplification of the formulae can then be obtained by altering 
the scale value in such a way that the limits become +1, which 
is always possible; for the sake of convenience these limits have been 


omitted in the following expressions. 
The means of different order are indicated by: 


Un = [ward : 


In order to enable us to calculate from the infinite series (1) the 
A-coeff. in a finite form, the unique and sufficient condition is that 
the a-coeff. be determined so that the condition : 


Saar = N EN 


is satisfied for all values of m<n as then all integrals beyond the 
m + 1! term vanish and, at the same time, the a-coeff. are entirely 
fixed, but for an arbitrary constant factor. 

If this operation has been performed, it is at once evident from 


(2) that: 
zz —=0- 


for all values of m different from n and, further, that: 


An = a [uQude a a le) 


a) = [Qıda = (Garda N 


The */a (n even) or "-I/ı (n odd) constants of the polynomium 
Q, are calculated from the ”/, or n—1/, equations : 


[ade a) f QAntde — 0 


Sarde — 0 (n even) f Que’da — 0 (n odd) 


f Q,0r da — 0 f Qnar—2de — 0 


where: 


ne din er + —t- 4 N, 
nl n—1'n-3!'“ 1 
q, a, An 
=) 
BET ee, 3 
7 a, A; 
um. Zi ; |, 
2n—1 r 2n—3 + 2n—5 = n—1 
for n odd, from : 
1 a, Ay An—2 
i = 
n+ 2 x n 2 n—2 + 3 
1 a, a, ER, 
TR n m, 5 ze. 
a, A; An—2 
ae, ee n =. 
On eliminating successively from these equations a, ,a,....or 
Q,Q; . . . . we find for the general expression of the polynomium : 
n(n—1 —1) (n—2) (n—3 
QZan — ( ) u el, ) Er er 
2.(2n—1) 2.4. (2n—1) (2n—3) 


i.e., but for a constant factor, that of zonal harmonies, which 
we shall call P-functions. 
This might have been expected as the condition /2), from which (4) 
arises, holds good also for the P-functions. 
The Q-funetions may, therefore, be considered as generalized 
P-functions, the latter presenting a special case of the former Pe 
we write (2): 


kn | Qnamde — 0, 


then : 
kuQn = SANT DR! Se ei (5) 
if An be defined so that: 
nn ehlor net 


The use of this constant no doubt offers advantages in treatine 
problems relating to the potential tleor ‚ but for our purpose it 
would be of no importance and, in practice, entail superfluous work ; 
Some expressions certainly take a simpler form by its use, but what 
is thereby gained on the one hand is largely lost on the other as 
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in caleulating uQ, in (3), we have to deal with the unnecessary 
factor Ay. 
However the relation (5), where: 


(Zn) 
"Tan .nInm! 
so that: 
an .n!n! 
= Bez n ® (6) 


is useful in deriving from the well known properties of the 
P-funetions those of the Q-functions. 
They satisfy LEGENDRE’S equation as well as the zonal harmonics: 


EQ, AQn 
@—- DZ +R® ra + )Q=0. 
The recurrent formula becomes: 
nm? 
a ae ai, 


(2n+1) (2”—1) 
and 


n! dr (a — 1)" 


et ar 


(6a) 
Hence, we find: 


1 2 2a m!n!n!n! 
en Beer se ERER ETTT 
a = Q. de = RE j® P. de k? (2n-+-1) (2n+1)! (an)! 


and for A.: 


n(n—1) n (n— 1) (n—2) (n—3) Mr | 
Er * E a TR et 


db. Gwen u=0 frı==#1. 


The case discussed sub a, where nothing is supposed to be known 
concerning the function to be developed, will seldom occur in practice 
and, as all adaptation is due to the accomodating power of the 
A-constants {he application would, in such a case, necessitate the 
caleulation of many terms and, therefore, hardly be profitable. 

Now, in dealing with observations of the degree of cloudiness, 
the case presents itself, that a curve has to be found, which is 
characterized by the limiting values mentioned above. 

The observations of serene sky {cloudiness zero) and ofan entirely 


( 804 ) 


overcast sky (cloudiness ten) ought to be considered separately from 
the other observations as they constitute climatological factors of 
peculiar importance for the description of the elimate (prineipally in 
northerly latitudes). Moreover they are to be regarded rather as 
discrete quantities, which do not show any continuous transition to 
a cloudiness resp. of degree 1 or 9. 

The other degrees of cloudiness may then be regarded as obser- 
vatious of continuous quantities subject to the above mentioned 
conditions. 

In this case we may easily cause all terms of the series (1) to 
suit these conditions by simply multiplying the series by a factor 
that vanishes for = #1 e.g. 2° —1, and then applying to the 
new functions, which we shall call R, the same reasonings as sub a. 

The degree of the polynomia is then increased by two, so that 
we have to start with R.. 

The general expression becomes: 


Rt =(@--)R,n=(®—1)[er Ha, +...a], n even 
= («— 1) [a® +a, 22 4+.. anal, n odd. 


The result of this operation is evidently that the surface enelosed 
by the curve, as determined by the first term of the series, is not 
represented by a rectangle of base 2 and height 0.5 as in the case 
of the Q-funetions, but by a parabola of base 2 and height 0.75, 
which makes again the surface equal to unity. 

By alternately asymmetrical and symmetrical deformations the shape 
of this parabola is then altered by means of the next terms in such 
a manner as to make it approach more and more to the frequency 
eurve corresponding to the given data. 

It may be noticed here that in the case of fixed limits, there is 
no reason to choose for the origin of coordinates the point corre- 
sponding to the arithmetical_ mean ; for logical and practical reasons 
the point intermediate between the limits is then indicated. 

The condition, which has to be satisfied by the a-coeff. of the 
R-function, and by which they are fully determined, is now that: 


[Eur am de lg an (#® —l)de—=0, m <n 


or 
fer R, de = am Rd. Te 


The a-coeff. are calculated from the equations: 


( 808 ) 
1 a 


2 q, An \ 
Fey RE) da 
B 1 ER a, - a, Ay 
VE Re Te Eee Be 
N ee 


(On FI@n-) T En-1 (En 8) en-Sjan-5)" Te 


and 
! En 2 0 An—2 
1 a, um =) Sr 
(n+6) SSTEAFEN (n+2) er (r +2) (n) Be n odd 
1 a EN er N, FE 


(2n-} en) En-1en-3)" An. 3)(2n-5) a ae 


By successive elimination Of a,q,...4,4,... We find from these 
equations for the general form of the AR functions: 


BEDeTD EINE I rate, (9) 


Rp= 
2.(2n+1l) 2.4.(2n+1) (2n—1) 


and from this expression by dividing it by # —1: 


Re n(n—1) m n (n—1) (n—2) (n—3) 10 
rein 72.4.@n Hl) an)” ee) 


The recurrent formula for both R and R is: 


n(n+2) 


Be 


Rn => R' Ha — 0 
san 7 
and the functions are solutions of the diff. equations 
ER, 
(= —1) nn — (nt2)(n+1) Rupa = 0 
d’Ron dR'n 
(«?—1) In? — 4v va == (n-+3) N BR, ll). 


On comparing the expression for R'„ with that for Q, it is readily 
seen ihat the AR’ functions may be found by differentiation of the 
QnF1 -funetion, SO that: 

f 1 IQR+ı 


= ernst Fa (11) 


This might have been expected as the value: 


satisfies the condition (8) 
dQ, dQ, 
fe+ It u: dı = fe = da, m = n 
de da 


which is easily proved by partial integration. 
Therefore the series discussed here : 
u= > A, Ruta BR 
might also (but for a constant factor) be written thus: 
IRr+ı 
de 


The caleulation of the A-constants is based upon the evident 
property of the R functions that: 


u=(a —1) > A, 2—=9,.192 


A Ra+32 R'm da — 0, m different from n 
hence 
A,„=BßI|uR,de 
where: 
PB f Ruta Rn da — f Ruta an de= {ar (a? — 1) R,de— 0 
or, by (11) 
= 


an (0? — 


1 Adr+ı 
ee 
n-+1 de e 
From the diff. equation of the A-function follows: 


BR dQ, 
ze u Te |=@+90+904 


thence: 


Bam = fe Qn+ı da 
or by (8): 
2a (m + 2) n!n!n! 
(2n + 3) (2n + 1)! (2n REIT, 
and A, is caleulated R the expression: 
re n(n— „, an—1)(n -2)(n—3 
3: zul 2.08 a Rs an Er un... es. |a9 


The negative sign of 8 is due to our having chosen as general 


= — 
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factor @ —1, a quantity which, by the definition of the limits, is 
always negative. 

As well as the Q-funeiions, the R-funetions might be multiplied 
by an arbitrary, constant factor, such that any peculiar development 
becomes possible or also with a view of simplifying some expressions. 
In our case e.g. k, might be chosen so that ß=1; practically 
however this would hardly afford any advantage. 


E u 
Gwen u— "fr. +1. 
u 


0 

As has been remarked above, in working out observations of 
cloudiness the case presents itself that the frequeneies for the extreme 
limits vanish; if, however, we have to deal, not with the original 
observations, but with average values as, e.g. daily means, the fre- 
quencies of serene and overcast sky, although still of peculiar interest 
for the knowledge of the climate, cannot be regarded as diserete 
values because, owing to the operation of taking the means, a 
eontinuous transition of tbese extreme values into the intermediate 
values must be assumed. 

In this case, when the curves assume peculiar forms quite different 
from the well known curves generally met with, we can take 
care that the conditions for the extreme limits are bound to the first 
term of the series whilst all other terms remain as they are in the 
case discussed sub db: 

Now the first term must contain three constants, two for the 
extreme values and one for the fixing of the area. 

In the expression 
1  E. 


the constants must satisfy the three conditions 


hence: 
4da,=3 — (u, + u,) 
2», =u—u, 
4c, = 3 (u, + u) — 3. 
The reasoning as well as the application then remain the same 
as sub d; again 


[; Rı+2 Rnmda = 0, m different from n 
092 
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with the exception however of the first term of the series which 
now assumes the form (13). In caleulating A, we have therefore to 
apply a correction to the expression for A„ which is easily found 
by remarking that: 


d 
(n + 1) a en de = far u de 
Fun 


+1 
— (« Qutı) Gch m [on-ı Qui da . 
2 


For m<n-2 the last integral vanishes and, R, being of the 
second degree, we have to consider this case only. 
We have, therefore : 


A 
(n + 1) (arR, Be (« Gt) BI Reel 


By (6) we find: 


HH 2 Mm 2)In! 
(+) Er eg, (n even) 


whilst for n odd the expression vanishes. 
Hence also: 


ee ee ) 
(@ +)" = FR (m —n even 


and equal to zero for mn odd; in caleulating the constant An we 
have, therefore, only to apply a correetion such that, instead of 
(12), now is used, for n odd: 


2rtld n!n! OBER TEN 
Au BiauR,de— ER — Blur, de — (u, u,)n!n (14) 
(2n + 1)! (an + ı)7 


and for n even: 
In+1 In! n m! 
ee a fur, de — ea —=PBluRr,de— N rn (15) 
(2n+1)/ (2n+1)! 
This example of adaptation, of which many variants might be 


given, will suffice to demonstrate the applicability of the method to 
special cases. 


$ 3. DEVELOPMENT BETWEEN DEFINITE LIMITS ON THE ONE SIDE 


AND INDEFINITE LIMITS ON THE OTHER. 


a. No given value for the limit. 


As has been noticed above, frequencies of duration and quantities 
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of rainshowers lie between the asymmetrical limits: zero for the 
smallest and o for the largest values. 

Frequencies of this kind, therefore, offer an example of a transition 
between the case of fixed limits and infinite limits on both sides. 
As here there exists no symmetry in the limits, the zero-point cannot 
be chosen so that, on integrating, the odd functions vanish, hence a 
separation between even and odd functions would have no sense, 
and we are obliged to employ complete polynomia of ascending 
degree. 

Here, as in the case discussed in $ 2, there is no advantage in 
making the origin of coordinates coincide with the arithmetical mean 
and, from a logical as well as a practical standpoint, the zero-limit 
is indicated. 

In order to develop the function between the limits oo and zero, 
the only thing to do is to multiply the series of polynomia with a 
suitable factor e.g. e*, so that the equation of the frequency curve 
becomes : 


u=e=(AS, + AS +...» ee.) 
—=AWw, +4, +... et. 


where: 
Sat taa tar +. 


The conditions to be satisfied "by the a coeff. are then: 


I S, de — 0 feres da —0... ‚(7 S, de — 0 
0 0 0 
J ande —n!, 


0 


and as: 


the general conditional equations are: 


n!+(n—1)!a +2)! + In +! =) 
ERS Eee Fe 
(2n a ae ın! am u 


Hence we find for the general expression : 

n’{n U’ an—2 
2/ 

The method of caleulating A„ is the same as in the former cases 

‚as here too: 


(In! . (16) 


2 
SR = 2. eV a! + 
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Sa = fans = 0, m<n 
f) 


0 


and ’ 
Aue fr S, da 
0 
where: 4 
u ar 5, 5, de-— fi 2b, ar de 
0 0 
but: 


e7 $- 248 
fr nde—= — (WS) + 2 [vu da 
N) dx 
0 0 


or, as the last integral vanishes according to the conditions: 
yYız=— (w, Sn) —n!n! 
because, by (16), only the last term has to be taken into account. 
The expression for A, then becomes: 


in Nn Un—ı n(n—1) Wn-a2 (18 
Ay — + —.. 
n!n! Un! (n—1)! 2! n!(n—2)! n! 


(17) 


by which the problem is solved. 

The application to special cases will be simplified by a brief sum- 
mary of the relations existing between the different quantities intro- 
duced which are analogous to those holding for zonal harmonies. 

We remark that for S, and w, we can also write: 

d () an 
= (— 1)" e = ı) Du Bir: (e”® 00). , 48) 
hence: 


& dS SR 
= —nSs—_ı re and 5, = Se rt 
n de ® 


from which the recurrent formula: 


++ HI —a)S, + n na N (19) 
can be derived, wherein for Sn as well ı, may be written. 
Further the functions satisfy the diff. equ.: 


d?Sn dS, 
« ie» —— 2 — 
5 da? vi da N 


d’W, dd, 
REN +(l+») 1 ern, 
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In the same manner as the Q-series has been made to suit the 
zero-condition of the function at the limits, the w-series can be made 
fit for the case that the‘ function assumes the zero value for the lowest 
limit by multiplication with x. This case presents itself e.g. for 
frequencies of wind-velocity, the curve of which originates at the 
zero-point as absolute calms do not occur. 

By this operation the degree of the polynomia is increased by one 
and we can write down at once the new 7’ function from (16) by 
multiplication with x and, at the same time, substituting n + 1 for n 
except in the binomial factors which remain the same. 

The condition for the determination of the a-coöff. is now: 


je» Tr da=0, m<n 
0 
and the general expression: 


n (n+1)! n(n—1) (n+1)! 
— er — — n 
ur ” 2! m)! 


From this evidently: 


ar, (— 1)" (n+1)/s (20) 


ur 1 dTy+ı 

in 10 de 

a similar relation as is shown by (11) between the Q and AR functions. 
Hence, if we put: 


Sn 


(21) 


Ka — zT, 


A=Y|wTnda 


[0] 
where: 


y-ı ler Tatı T da ln x” T,+ı de = 
0 0 


[0] Ir je 0) 
j an en — Gau an &, de = (n+1)!n! 
MH £ 
0 


0 
so that: 


Un BE Un—1 Un—2 N (—1jyr 
0/ (n+1)! n! 1!n! (n—1)! 2/(n—1)! (n—2)! on 


If we call the series discussed here, the „+1 series, so that: 


1 + 


Ras) 


EEE a AR u 
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we find the following relations: 


an dr 2 dd, 
war = (— 1)" Sr (e? art) = (—1)rH} a FR! etan)=—a In 
ek 2 er 
F) +(2 -2)— +nT,=0 
da? da 


Tat dTa+ı BE 
nr a 756 T,+ı = 0 


Po dv 
nie Ya I a Pal L (n + 1) war ee 0. 
da? de 
In exactly the same manner as the AR-series eould be expressed 
in diff. quot. of the Q series: 


Al 
ur =(«’—1) & 4A, el 


so the ' series might be expressed in diff. quot. of the ı series: 


d n 
wm — EI 4,. Ir 
da 


In dealing with this kind of frequency curves an alteration of the 
scale value offers great advantages as well as in the case of fixed 
limits. 

In the case discussed in $ 2 it was possible by this artifice to 
simplify the limits; here such an alteration has no influence upon 
the limits which remain O0 and & if we write hx for x, but we are 
able by this means to accomodate the first term of the series, by 
which the area is determined, according to the form of the curve, 
so that the task of the A-coefficients is lightened. 

By the factor A, which by its nature is a positive quantity, no 
complication in the calculation of the constants is introduced: the 
series is now: 


wer [A She) + ASE) +... ee (23) 
and, because: 


>) 1 © 
yal = fe Sn(he) She) de — fe S,(t) S,(t) dt 
0 


L 
0 


hru,, n AA (—1)r 
A _—, et, 
n F 1 ! n!(n RE 1)/ + er ur vers nd | . . (24) 


We might also omit the coefl. A in (24) and write (23): 
u he-hr |A,S,(he) + Ash) iu, ee.) nee (23) 
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The scale value A may, Of course, be chosen quite arbitrarily ; 
it is however desirable to do this in accordance with the nature of 
the eurve and, therefore, to caleulate it methodically from the given data. 

This can be done by suppressing one of the A-constants in (234) 
so that the mean value corresponding with this constant can be 
made use of to define A. 

If then we put: 


A, 0 
we find, ss 4, =1, 
a.) 1 
— Ash [0% Ko  e 
h 
(0) 


$ 4. DEVELOPMENT BETWEEN THE INDEFINITE LIMITS = ®. 


By reasons of symmetry, in this case it is logieal tu take e for 
the factor by which the limits are determined and when, for the 
same reason, the arithmetical ınean is chosen as the origin, the poly- 
nomium can, as in the case of fixed limits, be separated into even 
and vdd functions, because then, on integrating between the limits, 
the odd functions vanish. 

The series becomes then: 


ve] AU FAD AUF: wo ete, 
= A, HF AI, TFA, +. Bbe, 


as, by the choice of the origin, the .4,-term has to be omitted. 
The eonditional equation for the determination of the «© constants is: 


fende=0 ee re 
or, generally. for n even: 
In —1) (n—3)...1] + 2a, [mn —3) —5)..1] + 2?a, [(n — 5) (n—7)...1] + 
+... + 2"/2a, — 0 
[na +1) (a —1)..1] + 2«, In—1)(n—3).1] + 2a, |n— 3) (Ra—5)...1] + 
+. + 2-22, — 0 


[(2r—8) (2Rr—5)...1] + 2a, [(2n—5) (2n—17)...1] + 
+ 2a, [(2Rr—7) (2Rr —9)...1] +... + 2, [n—3) (Rr —5)..1] = 0 


and, for nm odd: 
BP) 
Proceedings Royal Acad. Amsterdam. Vol. X. 
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[r(r—2).. 1] + 2a, [(n—2) (2—4)...1] + 2°a, [(n— 4) (n—6) ..1] + 
+ A120, _92 = 0 
[(r +2) (r).. 1] + 2a, [(n) (n —2)...1] + 2°a, [(n - 2) n—4) = ...1]+ 
cs a 


[(2n -3) (2n—5)...1] + 2a, [(2n—5) (2n—7)...1] + 
. + 2a, [2r —7) (@2n—9)...1] + 2a, 2 [(n—2) (n—4)...1] = 0. 
From this it follows that: 
—_ n(n—1) (n—2) (n—5 
> En a2 | n(n—1) = he (rn >) F 
from. which we derive that U, and 9, are solutions of the 


A ee 


U,„=ar — 


equations : 
d’U, 9 dU, Bag 
de : dx Tab 
0’, dp : 
da? -} 28 dı ir 2(n+1) Pn — 0 


and the recurrent formula becomes: 
20,4 — 22U,+n0,_ı = 0 
The 4-coefficients are determined in the same manner as in all 


+» 
At Zu On U n de ='0 


—o® 


former cases: 


for all values of m different from n so that: 


+» 
A, — fl U U, dı 


where: 
+» Hs n! 
d-1 N ee" U, U,ds =| Maya el = Sr vr 
and 
er 2" Tan BE Un—4 
"Valais a 


From the numerical values calenlated by (26) and from the 
diff. equalion it appears that, but for an arbitrary constant factor 
the y,-functions are equal to the derivatives of the nth order of 

M . . y 
or e=”; we might, therefore, write : 
Any, 


DE en 
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this might have been expected as this value satisfies the condition (25), 
which can be easily proved by successive partial integration. If we 
Bulseisizeil, 


dre—2? 


pn = i— 2)n Une 


and the expression for the A-coeflicients becomes equal to that given 
by Bkuns. 
d”g 
Therefore 
dx 
instead of the Q-functions, zonal harmonies miglıt be employed; in 
practice however no labour is saved by this substitution as then 
the polynomia are charged with superfluous eoeffieients. After what 
has been said in $ 3 about a change of the scale value, it will be 
sufficient to remark that in this case also the great advantage which can 
be derived from the introduction of a scale factor is the atlaptation 
by means of the first term of the series to the shape of the curve, 
the surface remaining equal to unity. 
The equation of the eurve then becomes : 


Dee TI lee) LA Dr dein (28) 


- may be substituted for $, for the same reasons as, 


and: 


Inh [hr Au. 
A, B*. - Un Un—2 
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The choice of the scale factor is of course quite arbitrary, but, 
in order to determine it in accordance with the nature of the ceurve, 
it is desirable to put A,=:0, then the average of the second order 
can be used for the definition of h and it is easily seen that: 


+ ee) |. u 29) 


The coeff. of (29) in so far as they are independent of n may further 
be omitted and written before (28), then the equation of the curve 
becomes : 

7 
uz a BEINEN + 4, D, 2z 4A,D, ar eo. 

If we take into consideration only the first term in the deve- 
lopment, we find tle exponential law in its simplest form as 
Bir —1. 
u= 9 ehr, 


55* 
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$ 5. InDEFINITE LIMITS, TWO VARIABLES. 


The treatment of wind observations now offers no difficulties as, 
in caleulating the means of different order, the two variables (pro- 
jeetions upon two axes arbitrarily chosen) can always be separated 
and the method remains in all other respects quite the same. Only, 
instead of one mean of each order, we can now dispose of p-+1 
means of order p. 

If by V,„ be denoted the same function of y as U, is of z, the equ. 
of the curve assumes, s U,=V/, =]1, the form: 


way) ze V[Ao + Aı0U0ı + Avı Vı + A2o Ua + Aıı UıVı + Ao2V, 


+ A320 03 + Aa.ı UsVı + Aı2 UıV2 + AoaV3 + etc] . (830) 
The general expression for the polynomia is: 
Un Von 


and as, evidently : 


+e +» 
f f EA -P(U Va), V) dady —0 


for all values of » different from n and of g different from ın, we 
find for the A-coeff. : 


to +» 
A,m = .| f ei uUnVn) dady 
where: 


+» r+» n!m! 
eigen — 13 4/2 .) EEE & 
€ fh f: ee —Y (Un Vn) dedy — On-fm IE . (3 1) 


From the considerations of $ 4 it follows that the funetion : 
Dan ea PU,N 
may as well be given the form : 
dem Ant 


ee er EN 122 
dardym dandm 


Pın = Ba 
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as this satisfies the premised eondition; then the series (30) assumes 
the form of a sum of diff. quot. like the series of Bruns and 
D,m = (—- 2)tm U, Vn ey: 

in accordance to which (31) has to be modified. If it is possible to 
remove the origin of coordinates to the arithmetical mean by a correetion 
of the projeetions for their average value, then the terms with the 
coeff. Aıo and Aoı vanish from (30). 

If we wish to alter the scale values according to the nature of the 
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data, we have to write everywhere, /w and Ay, instead of x and Y; 
whence 


The scale factors A and 4‘ can then be determined by putting 
Asno en Ada 0 
and the two unmixed means of the second order can be disposed 
of for the determination of these constants : 
t 
If, further, we make the axes rotate about the origin so that they 
coineide with the principal axes of inertia, then also Aı.ı has to be 
put equal to zero and the corresponding mean 
u, (2, y) 
enables us to calculate the direction of the principal axes. 
The series (30) then becomes : 
u=e"W[Ay + AsoUs + AsıUVaV; + AraUı Va + AosV3 + 
+ 44004 + Az ıU3Vı + AgaU2V2 + A sUıV3 + 
+ Ao4V4 + enz. 
where all terms except the first represent the deviations from the 
normal exponential law, tle terms of odd degree being a measure 
of tlie different kinds of skewness, the terms of even degree of the 
different kinds of symmetrical deviations. 


u,(2) = en u,(y) = 


Chemistry. — “Equilibria in quaternary systems.” By Prof. F. A.H. 
SCHREINEMAKERS. 


Let us first take the system with the components: water, ethyl 
alcohol, methyl alcohol and ammomum nitrate, we then have 
at the ordinary temperature one solid substance and three solvents 
which are miseible in all proportions so that the resulting equi- 
libria are very simple. The equilibria oceurring in this system 
at 30° have been investigated and are represented in the usual 
manner in Fig. 1; the angular points I, M, A and Z of the tetra- 
hedron indicate the components: water, metlıyl alcohol, ethyl alcohol 
and the salt: ammonium nitrate. 

The curve wa situated on the side plane IWAZ represents tlie 
solutions consisting of water and ethyl alcohol and saturated with 
solid salt; the curve wm represents the solutions of water and 


methyl alcohol mixtures saturated with solid salt, whilst ma indicates 
the solutions of mixtures of ethyl alcohol and methyl alcohol, also 
saturated with solid salt. 

The quaternary equilibria, namely the solutions of mixtures of 
water, methyl alcohol and ethyl aleohol saturated with solid salt are 
represented by the surface wma which we may call the saturation 
surface of the solid salt Z. 

If we introduce through one of the sides for instance through 
WZ a plane such as the plane WZp all points of that plane 
then represent phases containing the components A and M in the 
same proportion. This plane interseets the saturation surface along the 
curve wg; this, therefore, indieates solutions saturated with solid 
salt in which the relation between methyl alcohol and ethyl alcohol 
is constant. 

The points of such a curve are easy to obtain; the two aleohols 
are first added together so as to yield a mixture represented by p 
for instance; on adding varying quantities of water we obtain the 
points of the line pW and on saturating these solutions with the 
salt the points of the curve gm are indicated. 

In this manner different sections of the saturation surface with 
planes passing through the side WZ have been obtained. 

In the system, water, methyl alcohol, ethyl alcohol and potassium 
nitrate perfectly analogous equilibria oceur; the saturation surface 
for 30° in this system has been determined by Miss ©. pn Baar. 


In the system : water, ethyl alcohol, ammenium nitrate and silver 
nitrate the relations are somewhat less simple, for at 30° we Ba: 
two solid components and one double salt: AgNO, .„NH,NO,; 
equilibria oceurring at 30 are represented in Fig. 2. N n Ei 
is & perspective representation of the tetrahedron,, Fig. 2 is a pro- 
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jeetion on a plane parallel to two sides erossing each other, in 
this case the sides: WA and AyN, so that in the projection, these 
stand perpendieular to each other and divide each other in two. 


The angular points W, A, Ag and N indicate the components 
water, ethyl alcohol, silver nitrate and ammonium nitrate. The pro- 
jection of an arbitary point within the tetrahedron on the projection 
plane is easily indicated. If we take the line WA as A-axis and 
the line NAy as Y-axis of a co-ordinate system and if we take as 
positive direetions those towards A and Ag we find: 

X ai Y= Fe 


[4] 


when A, W, Ag and N represent the quantities of alcohol, water, 
silver nitrate and ammonium nitrate indicated by the said point 
within the tetrahedron. 

In this manner Fig. 2 has been deduced and it is readily noticed 
that the equilibria are represented by three surfaces, namely 55,747, 
rr,q,g and 99,P,p-. The first surface is the saturation surface of silver 
nitrate, the second that of the double salt and the third that of the 
ammonium nitrate. 

The double salt is represented in the figure by the point D which, 
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of course, must be situated on the line Ag N. If the compositions 
of the phases were expressed in mol. °/, D would fall in the origin 
of the co-ordinate system; this is however, not the case as the com- 
positions are expressed in percentages by weight. The curve ss, 5, 5, 5, 
situated on the side surface IV Ag A is the saturation line of silver 
nitrate in water-alcohol mixtures; the solubility of this salt in water 
(point s) gradually becomes less on addition of alcohol; the solubility 
in absolute alcohol is represented by s.. 

The saturation line of ammonium nitrate in water-alcohol mixtures 
is represented by 9 PP: Ps P,- It will be noticed that the solubility 
of ammonium nitrate in water is much lessened by alcohol. The 
equilibria in the ternary system water, silver nitrate and ammonium 
nitrate are represented by the three saturation lines sr, rq and gp, 
situated on the side surface W Ag N; sr indicates the solutions satu- 
rated with silver nitrate, gp those saturated with ammonium nitrate 
and rq those saturated with the double salt. On drawing the line 
W.D this will be seen to intersect the saturation line rg of the double 
salt; this is therefore soluble in water without decomposition. 

In order to study the equilibria in the quaternary system I operated 
as follows. Instead of water, I took a water-aleohol mixture con- 
taining 41,8°/, of alcohol and in this determined the saturation lines 
or the silver nitrate, ammonium nitrate and the double salt. As the 
solutions all econtained water and alcohol in constant proportion they 
must lie in a plane passing through the side Ag N of the prism 
and intersecting WA in a point a indicating a 41,8 °/, alcohol. In 
this manner I found the three saturation lines s,7,,7,9, and q,P, 
which therefore are all situated in the surface aAgN: if the line 
aD is drawn it will be noticed that this branch interseets rg, 
showing that the double salt is also soluble without decomposition 
in dilute alcohol. 

In a similar manner I determined the saturation line in water- 
alcohol mixtures containing 71,23 and 91,3 °/, of aleohol; I always 
found three branches in the figure; they are represented by s;r, T50h 
and q,p, and by s,7,,r,q, and 9P,. 

As the line 5D intersects the saturation line 9,r,, the double salt 
is soluble without. decomposition in 71,23 °/, aleohol ; with the line 
eD it is different; this no longer intersects the saturation line g,r, 
of the double salt but only that of the silver nitrate r,s, showing 
this is decomposed by 91,3 °/, alcohol with separation of silver nitrate. 

As the solubility of the components in absolute alcohol amounts 
(0 a few percent only, I have not investigated the ternary system 
alcohol — silver nitrate — ammonium nitrate but there is hardly 
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any doubt that the solubility lines will give something as represented 
by 5,r,9,p, and the double salt is bound to be decomposed by 
absolute alcohol with separation of silver nitrate. 

From the preceding it is obvious that the following equilibria 
oceur in the quaternary system: 


L+AgNO; of which L is represented by the surface: sr vr, 
L+-NH,NO; 2 non D » „ qPPı 4 
L+AgNH, (NO;), en » un „ragt 
L+ägNO;-FAgNH, (NO), » » »n a a ENTERT, 
L+NH,NO, HAgNH, (NO, „ » nn » oh » 9% 


On looking at these equilibria several questions arise one of which 
I will mention. If, for instance we know that in the ternary system 
water, silver nitrate, ammonium nitrate, of which both salts are 
anhydrous, an anhydrous double salt oceurs at 30° we may ask 
ourselves what equilibria will oceur if the water. is substituted by 
another solvent such as aqueous or absolute alcohol. 

It is impracticable to answer this question in its entirety ; if, however, 
we argue that no solid phases are formed which erystallise with the 
new solvent it becomes a fairly easy one. As a rule we can demon- 
strate that the same three saturation lines will occur also in the new 
solvent so that a solution saturated with the two components or 
solutions saturated with another double salt cannot be formed. 

Therefore, although the same double salt must appear in both 
solvents, its behaviour in regard to the two pure solvents, may 
however, be quite different and various cases may occur; it may, 
for instance be soluble in both solvents without decomposition or it 
may be that, as in the case mentioned, it is soluble in the one 
solvent without and in the other with decomposition; or it may 
dissolve in both solvents with decomposition. In the latter event we 
may meet with two more cases; it may be that the same component 
is deposited from both solvents or it may be that one of the com- 
ponents is deposited from the one and the other from the other solvent. 


Similar equilibria occur also at 30° in the systems: 


water — alcohol — silver nitrate — potassium nitrate 
and water — alcohol — benzoie acid — ammonium bezoate. 


In the first system oceurs a double salt of silver nitrate and potassium 
nitrate; in the latter, which is being investigated by Dr. H. FıLıppo, 
a combination of benzoie acid and ammonium benzoate is formed. 
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In the system: water, alcohol, ammonium sulphate and manganese 
sulphate quite different equilibria occur. The results of this investi- 
gation for 50° are represented in fig. 3; this is again the projection 
of the tetrahedron an a plane parallel to the sides WA and MnN. 
The angular points W, A, N and Mn indicate the components : 
water, alcohol, ammonium sulphate and manganese sulphate. 


In this system an anhydrous compound (Mn SO,), (NH,), SO, oceurs 
at 50° which is represented in the figure by the point D,. The 
Mn SO, gives at that temperature the compound MnSO,.H,O, 
represented by the point Mn,. 

On the side plane MnWN we find the equilibria in the ternary 
system water, manganese sulphate, ammonium sulphate. Three satura- 
tion lines are found: sr is that of the Mn SO,.H,O, rtq that of the 
doudle salt D,, and qp that of the Mn SO,. As the line WD,, 
intersects the saturation line of the double salt in { this is soluble 
in water without decomposition; { represents this saturated solution. 

The isotherm ss, which indieates the equilibria in the ternary 
system water, alcohol, manganese sulphate consists of two saturation 
lines of which only one ss, has been determined. This indieates the 
solution saturated with Mn SO,.H,O; to this should Join a saturation 


( 823 ) 


line with the anlıydrous Mn SO, as solid pbase which however, has 
not been determined. 
The equilibria occeurring in the ternary system: water, alcohol, 
- ammonium sulphate are represeuted in the plane WAN by the 
isotherm pp,«p,p,; this consists of the saturation lines pp, and 
PaP, Of the ammonium sulphate and of the branch p,ap, ofa binodal 
line with the eritical liquid «. The points p, and p, therefore represent 
two ternary conjugaled liquids saturated with ammonium sulphate. 
The quaternary equilibria are represented by four surfaces: 
srr,s, is the saturation surface of the Mn SO,. H,O 
rigg,ßg,g,rı iS the saturation surface of the D,.ı 
gpp.g, and 9,9,P,9, are the saturation surface of the ammoninm sulphate 
pıep,g.ßq, iS the binodal surface. 


The latter surface is divided in two parts by the critieal line «aß; 
with each point of the one part, a point of the other is conjugated ; 
a similarly conjugated pair of points represents a pair of quaternarly 
eonjugated liquid phases. The binodal surface, therefore, represents the 
equilibria liquid + liquid. The seetions of the fonr saturation surfaces 
give three saturation lines. 

rr, represents the solutions saturated with MnSO,.H,0O + Da.ı 
. gg, and 9,9, represent „, er 5 „ (NH,,SO,-+ Da.ı 
9,3g, represents the conjugated liquid pairs saturated with ammonium 
sulphate. The point $ is the ceritical solution saturated with ammo- 
nium sulphate. 

If a plane is brought through the side WA and the point 
Ds; ., this interseets as far as has been determined the saturation 
surface of Ds; in the curve Z,; the double salt is therefore not 
only soluble in water but also in dilute alcohol without decomposition. 


At 25° quite different equilibria occur in this system; on the side 
plane WMnA a new area of immiseibility is developed. At the 
same time the double salt D>.ı = (Mn SO,), (NH),), SO, disappears 
in order to make room for the double salt Mn SO, . (NH,), SO, .6H,0. 
The resulting equilibria much resemble those mentioned previously 
which oceur at 30° in the system : water, alcohol, ammonium sulphate 
and lithium sulphate. 

I will. therefore not diseuss these equilibria any further. 
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Botany. — “The development of the ovule, embryo-sac and egg in 
Podostemaceae”. By Prof. F. A. F. ©. Wen. 


During my voyage to the West-Indies I had an opportunity of 
visiting in Surinam some of the rapids where Podostemaceae grow, 
namely the Armina falls of the Marowyne river. There I collected 
material of. these remarkable plants, and at a later date I received 
an abundant supply obtained by the various expeditions, which of 
late years have investigated the interior of the colony. This material, 
preserved in alcohol, has suggested to me an investigation of the 
above order. I hope soon to publish the results ın ertenso, but wislı 
in this place to deal briefly with one point, namely the development 
of the ovule, the embryo-sac and the egg. 

As was mentioned above, the material was fixed in alcohol, 
but the fixation nevertheless proved to be good enough to allow 
of many eytological details being made out with a sufficient degree 
of certainty in stained preparations. In this preliminary communica- 
tion I do not propose to discuss the method of treatment of the 
preparations, but merely record, that Messrs. A. H. Braauw and 
J. Kuyper have assisted me. A complete developmental series could 
only be obtained in the case of a few species, namely of Oenone 
Imthurni Goebel and Mourera jluviatilis Aubl. Of eight other species 
only a few stages of the development were examined, and of Tristicha 
hypnoides Spr. I only had tlie ripe seeds. 

It soon became evident that the whole development of the ovule 
in this order departs very widely from the ordinary type of Angio- 
sperms, but that within the limits of the order there is an extra- 
ordinary degree of uniformity, so that the differences between the 
species, which have been investigated, are so slight, that they may 
be passed over in silence in this preliminary notice. The description 
which follows, therefore applies to all the Species. 

The ovules are anatropous; in the youngest stage examined, the 
curvature had already taken place. In this stage the nucellus was 
still alone present and consisted of a central row of four eells sur- 
rounded by a single layer of peripheral cells. Of the central row 
the uppermost cell, which is therefore still surrounded by a cap of 
epidermal cells, becomes tlıe spore mother-cell. Accordingly this cell 
is not only soon distinguished from all the other cells of the nucellus 
by its size, but also by its dense protoplasmie contents and by its 
large nucleus. The subsequent behaviour of this spore mother-cell 
will be further discussed below. 


We may now consider how the integuments are formed. The 
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outer one arises first and here we find the first deviation e 
normal course of development in Angiosperms. This integument 
simply arises as an annular fold on the nucellus, with which it 
remains connected by the chalaza, while for the rest it grows round 
pretty loosely. Finally there remains at the point, where its borders 
meet, a very narrow micropyle, which can only be seen properly 
in truly medial sections. 

After the outer integument has already surrounded half the ovule, 
the inner one begins to develop. Üell divisions are seen to oceur in 
a few epidermal cells of the nucellus, immediately above the point 
of attachment of the outer integument. These divisions lake place in 
such a manner, that a wall arises in one of the basal cells of each 
longitudinal row of the epidermis; this wall forms an angle of 45° 
with the longitudinal direction of the ovule, so that each of the cells 
is divided into two. The upper half remains an epidermal cell of the 
nucellus, while the lower half develops to form the inner integument. 
In a transverse section the number of epidermal cells, counted on the 
periphery, is seen to be 5, occasionally 6 or 7. At first the inner 
integument will therefore show in transverse section an equal number 
of cells. Dividing walls soon arise, however, which make this inner 
integument two cells thick. More than two layers do not develop, as 
no further tangential walls are formed, but other walls, both radial 
and transverse to the long axis of the ovule are developed. Especially 
the number of radial walls is very different in the two cell layers; 
it is large in the outer layer, but on the other hand small in the 
inner layer. As a result, the number of cells of the inner layer of 
the inner integument is generally little more than five, when eounted 
in transverse section. When afterwards the cells ofthe inner integu- 
ment increase in size and often acquire dimensions, which make 
them very noticeable, it is the inner cells which are especially large. 
- This growth is often accompanied by strong thickening of the walls. 
The transverse walls, which arise in tbe cells of the inner integu- 
ment, enable the latter to grow longitudinally. In this process the 
top of the nucellus remains free however, and is only surrounded 
by the outer integument, so that it lies in the endostomium ; the 
strong longitudinal growth of the inner integument is chiefly directed 
downwards. At its base, near the chalaza, it of course remains 
connected with the nucellar tissue. 

Now it is very remarkable, that tbe nucellar tissue does not par- 
tieipate by cell division in this strong longitudinal growth of the 
ovule. The portion of the nucellus, which projects beyond the inner 
integument, remains unaltered, except for certain changes, which 
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the spore mother-cell undergoes, and which will be discussed below. 
We may however at once point out, that in the formation of embryo- 
sac and egg-cell, the whole apparatus remains in the same place, 
and is therefore never surrounded by the inner integument. 

The portion of the nucellus lying below this, is now elongated 
by the extreme stretching of a single cell (or in some cases perhaps 
two cells). in the central and in each of the 5, 6 or 7 peripheral 
rows of cells, of which it consists. The nuclei often also assume an 
extended shape, so that one gets the impression that a passive 
stretehing has taken place. At the same time a digestion of the longi- 
tudinal walls occurs, and finally the protoplasts also coalesce more 
or less. In this way a great cavity arises, containing protoplasm, 
often in a peripheral layer and with 6, 7 or 8 nuclei, perhaps 
sometimes even more in consequence of nuclear fragmentation, which 
seems to occur. 

If an ovule is examined in this stage, without the history of its 
development having been traced, this cavity is inevitably regarded 
as the embryo-sac, and the real embryo-sac, which lies above it, is 
then taken for the egg-apparatus. It is in this way that WarMmıng, 
who, for want of the necessary material could only trace part of 
the development of the ovule, has regarded things.!) This pseudo- 
embryo-sac remains in existence during the further development of 
the ovule to the seed, and is only compressed more or less in some 
vases by the large increase in size of the cells of the inner integu- 
ment, which has already been dealt with above. When the embryo 
begins to develop it grows out into this pseudo embryo-sac, in the 
same way as would happen with a true embryo-sac. 

We may now pass on to consider the fate of the spore mother- 
cell. At a certain period its nucleus shows a clear synapsis stage. 
In the division, which follows this, the reduction of the number of 
chromosomes therefore probably takes place. The fixation was not 
sufficient to allow one to tonclude with certainty that a hetero-typie 
division of the nucleus occurs (the nuclei are moreover extremely 
minute), such observations as were made, leave very little doubt, 
however, when considered in connection with the preceding synapsis, 
(hat the haploid generation begins here. This nuelear division is 
followed by a cell division and the formation ofa dividing wall. The 
upper of the two cells, which are thus formed, gradually degenerates 
and becomes more and more flattened by compression ; remnants of it 


!) Eu. Warning. Familien Podostemaceae. II. Afhandling. Kgl. Danske Vidensk. 
Selsk. Skr. 6te Raekke, naturv. og math. Afd. 2det Bd. II. Kjöbenhavn, 1882, 
Compare e.g. p. 65 (107). 
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may nevertheless still be observed for a long time. In some cases 
the nucleus of this cell divides once more, in a plane perpendicular 
to that of the previous division, so that the equatorial plane of the 
second division is in the longitudinal direction, with respect to the 
ovule. Perhaps this division also takes place in other cases, in which 
the two nuclei cannot. be seen on account of the unfavourable direc- 
tion of the section and in consequence of the rapid degeneration 
of the cell. Ouly in a single instancee I have thought that I 
observed a cell division following the division of the nucleus in the 
upper cell. 

The lower of the above-mentioned two cells is the embryo-sac. 
Having regard to the size of the pseudo-embryo-sac, it is remarkable, 
that the real embryo-sac increases but little in size, and always 
remains situated in that upper part of the nucellus, which projects 
beyond the inner integument; it remains of course surrounded by 
the layer of epidermal cells, which later are only eompressed and 
flattened more and more, so that they become scarcely visible. 

The nucleus of the embryo-sac soon divides again. Only a single 
division was observed, and then the fixation did not allow many 
details to be made out; it can hardly be doubted, however, that this 
must be a hoinoiotypie division of the nucleus. The axis of this 
spindle is longitudinal with respect to the ovule and therefore also 
with respeet to the embryo-sac. The lower of the two nuclei, which 
are formed, is seen to degenerate in the anaphases of the division, 
by a strong clumping of the chromatin masses, so that the latter 
come to lie at the base of the embryo-sac as a structureless chro- 
matin-like elump, which stains deeply. This is evidently all, that can 
here be seen of the antipodal apparatus and of the lower polar 
nucleus. I shall eall this nucleus the antipodal nucleus of the 
embryo-sac. 

In eontra-distinetion to the last-named, the other nucleus assumes 
a normal shape and is prominent on account of its size. Soon after- 
wards there follows another division, of which I have been able to 
see the various stages. The axis of the spindle is this time also 
longitudinal to the embryo-sac and ovule. This division is not at first 
followed by a cell division, hut afterwards each of the two daughter 
nuelei divides again. Tle actual process of division I have not 
observed, but have only found four nnelei; the second division 
evidently takes place very rapidly, for I have looked through hundreds 
of preparations of about this age, without getting the actual stage of 
division. This second division takes place in such a manner, that 
the axes of division are perpendicular to each other; for the upper 
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pair of nuclei the axis is at right angles to the length of the embryo- 
sac, and for the lower pair it is parallel to it. 

Before this last division has taken place, the embryo-sac is still 
seen to be a single cell, as was already sıated above; after this 
division four cells, each with its nucleus, may be observed. It is of 
course possible, since I have not seen the actual nuclear division, 
that the latter is preceded by a cell-division, in such a way, that 
each cell contains a nucleus, and that afterwards each of these two 
cells divides again, after its nucleus has divided. However this may 
be, there are finally four cells, which, it should further be noticed, 
are not separated by cell-walls — four naked protoplasts therefore 
Of these four two, the synergids, lie at the top, next to each other; 
then follow the other two, one under the other, the upper one of 
the pair being the egg and the lower one all that remains of the 
embryo-sac witlı the upper polar nucleus. 

Considering this lower cell first, we observe, that it remains small 
and that pretty soon its nucleus clumps to a little ball of chromatin, 
in which structure can no longer be discerned:: often the antipodal 
nucleus may be seen at the same time. In other cases no remnants 
of it can be observed; I imagine that in such cases it has so far 
degenerated, that it can no longer be rendered visible. Yet another 
hypothesis might be suggested, namely, that these nuclei fuse like 
two polar nuclei. | regard this, however, as extremely improbable, 
for the very reason that the two nuclei are so clearly in a state of 
degeneration. Indeed, all the rest of the embryo-sac does not come 
to much; endosperm is not formed; the cell is still seen for some 
time, until it disappears with the developing embryo. 

For some time the egg and the synergids undergo no further 
changes, and are ready for fertilisation. This process I have only been 
able to follow aceurately in Mourera Auviatilis Aubl.; in a few other 
cases I found a young embryo, or sometimes pollen-grains, which 
had germinated on the stigma and had developed pollen-tubes. In a 
new species of Apinagia, still to be described, there oecur, in addition 
to the normal hermaphrodite flowers, others, which have abortive 
stamens, and which remain inside the closed spathella, at least as far 
a8 I have been able to observe in the material at my disposal. 
Whether the latter flowers can also furnish ripe seeds, without ferti- 
lisation, I cannot say, as they had not developed beyond the stage, 
here described. In the numerous preparations of various Podosteinaceae 
which I have examined, I found moreover many ovules, which 
were degenerating at the above-mentioned stage, evidently beeause 
no fertilisation had taken place. It seems to me, that the chance of 
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regular pollination among these plants is probably not so very large, 
and that in consequence of this so many ovules ultimately abort. 

I now pass on to describe what I have seen of the fertilisation 
itself, and must remark, that I have but rarely observed anything 
of the penetration of the pollen-tubes; to some extent this is probably 
a result of the process of fixation, during which such tender, thin 
structures readily shrivel up; at the same time the staining does not 
succeed well. In any case I can however state, that the pollen-tube 
penetrates through the mieropyle, and then reaches the egg-apparatus 
by passing between two epidermal cells of the nucellus. In one case 
I observed two nuclei in the top of the pollen-tube, one of which 
appeared to be a generative and the other a tube-nucleus. In another 
case I saw a nucleus, which had a much elongated appearance, and 
was constrieted in the middle, so that there might have equally well been 
two generative nuclei. Taking all the cases, which I have seen, into 
account, I am led to the view, that the conditions in the top of the 
pollen-tube are normal, so that there are two generative nuclei and 
one tube-nucleus. In the actual process of fertilisation, the top of the 
pollen-tube unites with one of the synergids; the synergid and espe- 
cially also the egg undergo at the same time peceuliar changes in 
shape, somewhat resembling amoeboid movements. What further 
happens in the synergid cannot readily be made out, because its 
contents stain very strongly and become highly refractive. I never- 
theless also succeeded in this case in observing the main features of 
the process. At least one nucleus of the pollen-tube penetrates into 
the synergid and assumes, in so doing, a more or less vermiform 
shape. Thereupon a fusion of the synergid with the egg takes place, 
so that the protoplasts communicate with each other at least at one 
spot. This communication does not last long, but during it one of 
the generative nuclei evidently penetrates into the egg-cell; anyhow 
stages are found later, in which two nuclei lie close to each other in 
the egg. Still a little later these are found in contact, and afterwards 
they are found fused in such a manner, that the origin from two 
nuclei can still be seen. 

The fertilized ovum now rapidly enlarges, while all other cells 
in its neighbourhood are erowded out. As the epidermal cells of the 
nucellus have generally aborted, this large cell lies more or less by 
itself in the endostomium, almost filling it up. By the first division 
wall there is formed a bladder-like basal cell, which remains in the 
cavity, and a smaller one, which is gradually pushed forward into 
the pseudo-embryosac. This cell now undergoes some divisions, in 
which the walls are formed perpendicular to the long axis of the 
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young seed. When a row of four cells has thus arisen, the three 
which are turned towards the mieropyle become a suspensor, while 
the fourth divides by a wall at right angles to the previous ones 
and becomes the embryo proper. 

I have not traced the further development of the embryo, partly 
for want of suffieient material, but especially because WARMING 
has already furnished an excellent treatise dealing with this 
subjeet, and illustrated with figures. Considering the many new 
facts, which Wıruıs has discovered about the germination of the 
Podostemaceae of Ceylon, an investigation of the American forms in 
this direction would certainly repay, since through Goebel we have 
only learned in detail of a single case. For this an investigation on 
the spot is necessary, and as will appear from the full paper, I have 
not been able to find much that is new in this direction. 

What was hitherto known about the ovules of Podostemaceae we 
owe almost exclusively to Warming. As was said above,. this author 
described in detail the first development of the ovules of Mmiopsis 
Weddelliana Tul., and it was only owing to the want of the exact 
stages, that the meaning of certain organs did not become clear to 
him. The development proper of the embryo-sace was completely 
left out of account, but the development of the embryo of_this 
plant, beginning with the two-celled stage, was treated very thoroughly. 
It is quite clear from his letter-press and from his figures, that the 
whole development takes place in the same way as in the species 
examined by myself. The same can be said of the other cases, in 
which he has stated or figured something regarding the ovules of 
Podostemaceae namely Castelnavia princeps Tun et Wepp.!) Hydro- 
Dryum olivaceum GarDn.?) and Tristicha hypnoides Sprene °). On the 
last named Carıo ‘) had already made observations which seemed 
to indicate an agreement with the other Podostemaceae as regards 
the development of the ovule. This is of some little importance, 
because this plant deviates-in the structure of its flowers from the 
majority of the species of the order. If the development of the 
ovule here corresponds to what I found in the species examined 
by me this agreement constitutes an additional reason for Supposing, 
that the order is extremely uniform in its embryogeny, in which it 
differs so widely from the other Angiosperms. I have already 


1) Warning, l.c. Plate XIV. Fig. 9—21. 

?) Warning, Ibid. 6 Raekke, Nat. og math. Afd. VII. 4. 1891, p- 37, fig. 34. 

3) Waruine, Ibid. 6 Raekke, Nat. og math. Afd. IX. 2. 1899, p. 113, fig. 6. 

*) R. Carıo. Anatomische Untersuchung von Tristicha hypnoides a Botan 
Zeitung. 1881 S. 73, Taf, I. Fig, 20—24. 
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remarked, that much to my regret, I have only ripe seeds of 
Tristicha, but no younger stages. In the 78th Versammlung 
Deutscher Naturforscher und Aerzte in 1906 at Stuttgart R. von 
WETTSTEIN made a communication : “Ueber Entwickelung der Samenan- 
lagen und Befruchtung der Podostemonaceen”. So far he has not 
published anything about this, however. I have indeed found an 
abstract of the communication in “Naturwissenschaftliche Rundschau” 
of 1906, Bd. XXI, p. 615, and in it several statements occur which 
agree completely with what I have observed, but in other respects 
there are such differences, that I must assume, that the reporter did 
not completely understand the meaning of the reader of the paper; 
I dare not therefore rely on this abstract. 

The Podostemaceae differ on the following points from the ordinary 
arrangement in Angiosperms, as regards the development of the ovule: 
1. The inner integument begins to develop after the outer; this is 
perhaps connected with the fact, that the top of the nucellus remains 
free in the endostomium, a phenomenon, which has been observed 
in other plants. 2. The peculiar development of a pseudo-embryosac 
by the stretching and dissolution of the cell-walls of a layer of the 
nucellus. 1 am not acquainted with anything in the vegetable king- 
dom corresponding to this. One could only point out, in explanation, 
that in many cases the developing embryo-sac exercises a solvent 
action on the surrounding tissue of the nucellus, and that in the 
present case a similar action is exerted on those cells of the nucellus 
which are turned towards the chalaza; these cells only disappear 
completely, when the embryo proceeds to develop there. 

The phenomenon also suggests, that, to a certain extent, it is 
comparable to that of nucellar embryos. By this I mean, that these 
nucellar embryos prove the existence of causes, acting in the embryo- 
sac, which determine a developing cell to become an embryo. 
What these causes are, we do not know, but it is by no means 
inconceivable, that some day we may know them completely and 
even be able to imitate them, so that we may be able to produce 
an embryo at will. Similarly this phenomenon in Podostemaceae seems 
to me to prove, that there are causes acting in the ovule, which 
favour the development of such a large cavity as the embryo-sac, sO 
that in those cases, in which the embryo-sac itself does not develop 
greatly, because it is enelosed and separated off in the upper part 
of the ovule, the cavity is formed by other cells, lying underneath 
the embryo-sac. 

3. The development of the embryo-sac departs widely from the 
normal, in that no antipodal cells and no antipodal polar nucleus 
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are formed, on account of the early degeneration of the nucleus, 
which, by its divisions should have given rise to these nuclei. Further 
more, after the egg-apparatus has been formed, the remaining portion 
of the embryo-sac is only very slightly developed, so that there is no 
question of the formation of endosperm (what happens to the second 
generative nucleus, if indeed present, I have not been able to make 
out). It is much clearer here than in most cases, that this portion 
of the embryo-sac and the egg-cell are sister-cells. This agrees with 
the view of PorscH'), according to whom the egg-apparatus of the 
higher plants is a reduced archegonium, the synergids being the neck 
canal-cells and the upper part of the embryo-sac with the upper 
polar nucleus being the ventral canal-cell. The latter hypothesis is 
however specially difficult in this case, for here the positions of egg- 
cell and of ventral canal-cell would be exactly reversed. A reduetion 
in the antipodal apparatus, similar to that which oceurs here, is found 
in Helosıs guyanensis, according to the investigations of CHoDAT and 
BErNARD?), and a still further reduction exists in Cypripedium, where, 
according to the researches of Miss Pacr®), the lower portion of the 
embryo-sac has not even been laid down at all. It need scarcely be 
argued, that we are here concerned with a progressive differentiation, 
and not with the recurrence of ancestral peculiarities. Perhaps it 
may not be amiss to point out, in conclusion that we cannot here 
fall back for “explanation” on a parasitie or saprophytic mode of life 
of Podostemaceae. 


Mathematics. — “On twisted curves of genus two”. By Prof. 
J. DE VRIEs. 


1. A curve of genus two bears one and only one involution of 
pairs of points /*. On the nodal biquadratie plane eurve it is deter- 
mined by a pencil of rays, having the node as vertex; its coineidences 
are then the points of contact of the six rays touching the curve. 
If we could arrange the points of the curve in a second /? then 
this /? would be projeeted out of the node by a system ofrays with 
correspondence [2], and the above six tangents would furnish six 
rays of ramification whilst a [2] can have four only. 


1) O. PorscH. Versuch einer phylogenetischen Erklärung des Embryosackes und 
der doppelten Befruchtung der Angiospermen. Jena 1907. 

2) R. Cnopar et C. Bernard. Sur le sac embryonnaire de l’Helosis guyanensis. 
Journal de Botanique. T. XIV. 1900. pP; 72 


>) Lura Pace. Fertilization in Cypripedium. Botanical Gazette, XLIV. 1907. p. 353. 
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2 We shall now consider the fundamental involution of pairs of 
points, F?, on a twisted curve g* of genus two. It can be generated 
by a pencil of cones of order (n—3). For, through an arbitrary 
point P pass } (n—1) (n—2)—2 bisecants of g", and the cones of 
order (n—3) through these 4 (n—83)n—1 right lines intersect _* in 
two variable points more. 

This #? arranges the planes through the arbitrary right line a in 
an [n]-correspondence. If a is cut by a bisecant 5 bearing a pair of F*, 
then the plane ab is a double coincidence of |n], for it corresponds to 
(n—2) planes with which it does not coineide. On the other hand 
each coincidence of F” determines a single coincidence of [n]. The 
number of double coineidences amounts thus to 4 (2n—6)=n—3, 
so that a is cut by (n—3) bisecants d. In other words: 

(The right lines bearing the pairs ef the fundamental involutien 
form a scroll of order (n—3). 

To determine the genus of this scroll 9-3 we make use of a 
wellknown formula of Zutruen. When there is between the points 
of two curves c and c' such a. relation that to a point P of ec 
correspond x' points P' of c' and to a point P' correspond x points 
P, whilst it happens y' times that two points P' and y times that 
two points /P coincide, then the genus p and the genus p' of the 
curves are connected with the numbers mentioned before by the 
equation ') 


2x (p—1) —2 (p—l) = y—y. 

If now the points P and P* of a pair of F’ correspond to the 
point of intersection P' of the line connecting them and a fixed plane, 
then pa, 21,2, y=0, y=6, so 2—4 (p'—1) = 6 and 
p un 

So the seroll 9"-3 is of genus zero and possesses therefore a nodal 
curve of order 4 (n-—4) (n—5). 

For a o° this involutory seroll is quadratie, so it is a Ayperboloid 
or & cone. h 

In the former case one of the systems of generatrices consists of 
trisecants, the other of the bisecants bearing the pairs of 7°. The 
points of support of the trisecants are then arranged in the triplets 
of an involution which is likewise fundamental (i. o. w.given with the 
curve). That the latter has eight coineidences is easy to see from 
the (2,3)-correspondence between the two systems of generatices. 

By central projection we find & quadrinodal plane curve c’, on 


1) See Zeuruen, Math. Ann. III, 150. A simple proof has been given by 
Kıuyver (N. Archief v. W, XVII, 16). 
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which F® is cut by the conies containing the four nodes, whilst the 
lines connecting the pairs envelop a conie and at the same time bear 
the groups of a fundamental 7°). 

If the involutory scroll of F'* is a quadratie cone then every two 
pairs of F* lie in a plane through the vertex, which is at the same 
time a point of o°. This special 0° is evidently the section of a cubie 
surface and a quadratic cone, having a right line in common ?). 


4. We shall now consider a g° of genus two. The involutory 
scroll of #? is now of order tlıree (9°). Let q be the double line, e 
the single director of ®°. As go" lies on 9° and a plane through g 
contains but one right line of @* which line bears a pair of F®, 
we find that qg has four points in common with 0°, so it is a 
quadrisecant. So the fundamental involution is deseribed by the peneil 
of planes having the quadrisecant as axis. From this is at the same 
time evident that @° cannot have a second quadrisecant. 

Each plane through e bears two pairs of F*, so e is a chord of b% 
and the pairs of F* are connected in pairs to form the groups ofa 
particular 7°. 

The planes connecting e with the two torsal right lines of 23 
are evidently double tangential planes of 0°. On e therefore rest 
besides the tangents in the 6 coincidences of F? still the 4 tangents 
situated in those double tangential planes and the tangents to be counted 
double in the points of support ofthe chord e. The developable surface 
of tangents of 0° is therefore of order 14. This is evident also from 
the fact that the quadrisecant besides by the tangents in its points 
of support is intersected only by the six tangents of the coineidences. 

By central projection out of a point of e we find a special c° with 
eight nodes of which the pairs of F? lie two by two on rays through 
a node which is at the same time the point of interseetion of two 
nodal tangents. 


5. The scroll & of the bisecants resting on a trisecant £ is, like 0°, 
of genus {wo. For, if the points B,, B,, B, of 0° lie with 2 in one 
plane then we can make each point B;. to correspond to the chord 


!) A number of properties of cö are to be found in my paper : “Ueker Curven 
fünfter Ordnung mit vier Doppelpunkten” (Sitz. Ber. Akad. Wien, 1895, CIV, 46— 
59). The curves ‚5 and c® are treated by H.E. Tınerpıng “Ueber eine Raumeurve 
fünfter Ordnung” (Journal f. d. r. u. a. Math., 1901, CXXII, 284—311). 

?) The central projection of this ‚5 has been treated in my paper quoted before 
page 63. It is generated by stating a projective correspondence between the rays 
of a pencil and the pairs of an involution, formed of the conies of a pencil, 
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BıB„, by which a (1, 1)-correspondence is determined between the 
points of 9° and the points of a plane section of the scroll ß. 

As each point of 2 evidently bears 5 bisecants, whilst a plane 
through ? contains 3, the scroll ß is a scroll of order 8. A plane 
section must now show singularities equivalent to 19 nodes. Now 
the intersection of t is a 5-fold point whilst the 6 intersections of o" 
furnish as many nodes; the missing three nodes are evidently sub- 
stituted by a threefold point which is the intersection of a trisecant 
resting on t. 

So on the scroll x of the trisecants these are arranged in pairs of 
an involution. 

Furthermore follows from this that the scroll r is of order 12. 
For, if & is the order of r, then one of the («—1) points which ? 
has in common with the remainder section in a plane laid through ? 
is to be regarded as intersection of t; the remaining (= — 2) are 
derived from multiple curves. Now ? is cut outside g° by one tri- 
secant and in each of its points of support by three trisecants, so 
2—2=10 and e=12. 


6. Out of a point C of 0° we find F? projected on the curvein 
the triplets of an involution (*. 

For, if P is a point of o° then the right line CP cuts the sceroll 
® in an other point F, and the plane through C, F and the point 
conjugate to it in #? determines on g° two points P’ and P" more, 
forming with 7° an involutory group. 

The plans m==PP'P" envelop a quadratic cone, namely the 
tangential cone of P° having (C' as vertex. A right line ! through C 
is thus eut by two triplets of chords PP’ situated in the two planes 
x through /; but moreover by the two chords connecting C with 
the two connecting points 0’ and C". The inmwolutory scroll of C* 
is therefore of order eight. 

As we conjugate P to the chord P’P" this scroll is also of genus 
two. In a plane section the point of intersection with e° are nodes. 
From this ensues that there must be (see $ 5) a nodal curve of 
order thirteen. 

The central projeetion of g° out of Cisa quadrinodal c® upon 
which each group of C* is collinear to a pair of F*. If we regard 
c5> as central projection of a g° then C? originates from the /’ on 
the trisecants; eonsequently C? has like the last mentioned I° eight 
coineidences. 


7. I£ we bring a cubie surface ı* through 19 points of o°, this 


( 836 ) 


curve lies on w°, so it is the partial section of W* with the involu- 
tory scroll ®°. As g is nodal line of ®° and single right line of w*, 
the two surfaces have another line » in common. This r cannot 
coincide with the single direetrix e, for then each right line of ° 
would have four points in common with w°, viz: its points ofinter- 
section with 0°, g and e; the surface w® would then however coincide 
with 9°. 

Inversely we can regard g° as section of a cubie scroll $% with 
nodal.line g and a cubie surface w® having with #° the right lineg 
in common and a right line r resting on the former one. A plane x 
through g cuts $’ in a right line, w° in a coniec, so it contains besides 
q two points of the curve of intersection, from which is evident 
that g is a quadrisecant; its points of support are coineidences of 
the (1,4)-correspondences between the points of contact of x with the two 
surfaces; one of the five coineidences is the point of interseetion of 
gq and r. That the single directrix of #° is a chord of 0°, is evident 
f om the fact that it cuts w on r, thus two times on 0°. 


8. If 9’ is replaced by a scroll of Carıer so that g is single 
directrix and at the same time generating line, then the conie 
of w*, Iying in the torsal tangential plane of $°. determines on qtwo 
points each of which replaces in each plane = through q two points 
of intersection with g°; so they are nodes of 0°. On this special 
eurve the groups of F* are not arranged in pairs; for e coincides 
with g. 

We obtain an other special 0° by taking instead of ®° a eone 
with nodal edge g. The conies of w° situated in the planes touching 
P° along the nodal edge eut g in the points of support of the 
quadrisecant. Each edge of ®° bears a pair of 7°, so that a plane 
through the vertex 7 contains three pairs. 

The tangential cone out of 7 to w° has q and r as nodal edges; 
the six single edges which it has in common with ® are evidently 
tangents of 9° and contain the coineidences of F?. | 

Through an arbitrary point O pass four tangential planes to 9; 
the central projection of _° furnishes a plane curve c’ with four 
nodal tangents meeting in a single point C. The six single tangents 
out of C' contain the coineidences of the fundamental involution, 
each ray of which through (C bears three pairs. These are separated 
if we deseribe on F? a peneil of cubie curves having the eight 
nodes of c* as base-points. 
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Mathematies. — “On algebraic twisted curves on scrolls of order 
n with (n—1)-fold right line’ By Prof. Jan DE VRrıss. 


1. If we intersect a cubie seroll ® by a peneil of planes having 
a generatrix a of P° as’ axis, we get a system of conics g°, all passing 
through the point 0, where a meets the double right line d. If we 
take a (p,g)-correspondence between this pencil of planes and the 
peneil of planes with axis d, then in this way to each «* are 
assigned p right lines r of ®° and to each right line r evidently q 
conices e*. The locus of the points of intersection of the lines r and og? 
corresponding to each other is a twisted curve of order m=p-+9; 
for the points of the rational eubic curve which ®° determines on 
an arbitrary plane are arranged in a (p, g)-correspondence, of which 
each coincidence is the point of intersection of a oe’ with a right 
line r corresponding to it. 

The twisted curve go” has the right lines r as g-fold secants, 
whilst it is intersected by each of the ? conics of ®° in p points. 


2. If $° is represented by central projection out of O on a plane 
t cutting a and d in A and D, then the systems (r) and (g?) are 
transformed into the pencils (D) and (A) which are now likewise 
arranged in a (p, g)-correspondence. The curve c” generated in this 
way has in D a p-fold point, in A a g-fold one. But it has moreover 
a g-fold point in the point of intersection B of the right line 5 of 
®°, which still passes through 0; for 5 is g-fold secant of or. 
From this ensues that the correspondence (p,g) in r cannot be taken 
arbitrarily. 

The curve 9” is completely determined by its central projection 
cn. For, the cone projecting c® out of 0 has a p-fold edge along 
d and g-fold edges along a and 5; so its section with ®° consists 
of 2p+ 2g =2m right lines and a twisted curve of order m having 
p points in common with d and q points with a. 

As the singular points of c” are equivalent to 4» y—1) + q (a—1) 
nodes, the genus of c” is indicated by 


1 | 
„= 3 Berg (9 rg 2) er ee 


1 
= (p—]) Kuala hl el), 
or by 
8 
g = (m—1) (a—1) — al (—1). 
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This is at the same time the genus of o”. It is evident that p 
may not be smaller than (49 + 1). For the smallest values of » 


and qg we have 


m p q & 
2 1 1 0 
8 2 1 0 
4 3 4 0 
4 2 2 0 
5 4 a 0 
5 3 2 4, 
6 5 di 0 
6 4 2 2 
6 3 3 1 


The above considerations may be extended by taking instead of 
scroll #° a scroll 9x with (n—1)-fold right line d. Out of a point 
O of d now start (n—1) right lines a, ay,...,1. A (p, g)-cor- 
respondence between the peneils of planes (a,) and (d) determines 
again a twisted curve of order p+q=m, having as central projec- 
tion a c” with p-fold point D and g-fold ‚points, in A, A, des 
and inversely 0” is again entirely determined by c®*. For the genus 
of 0” (and c®) we now find 


1 1 4 
ee le te Tr Sie um 
or 

1 
a ee ee ES 


To obtain general twisted eurves we shall not be allowed to take p 
larger than 4, q larger than 3. For n—=2 we find evidently the well 
known considerations concerning curves on an hyperboloid. 


5. If we substitute in x for the eurve cr a curve passing p times 
through D, 9 times through A, and moreover. eutting the right line 
DA; in s points, then this eurve is evidently the central projection 
of a curve on ®", having a multiple point in ©. For, each of the 
(n—1) tangential planes in O will now contain s right lines, touching 
the twisted curve in O. 
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Physics. — “The influence of temperature and magnetisation on 
selective absorption spectra.” 11. By Prof. H.E.J. G. pu Boıs 
and G.J. Euias. (Communication from the Bosscha-Laboratory). 


$ 20. Since our former communication (These Proc. March p. 734) 
we have obtained a number of samples, the crystallisation of which 
in reasonable sizes from solutions in water or amylic acetate was 
brought about only after many failures and many weeks of patience. 
Notices concerning the influence of the anion or the temperature only 
on the absorption spectrum, must be laid aside as being too extensive, 
though incidentally some details may appear about it. With respect 
to the ZEEMAN-effect we shall also confine ourselves to a choice from 
the profuse material, which for the present can be little more than 
an enumeration of the many ways in which the influence of the 
magnetisation may manifest itself; it must be reserved for further 
investigation to impart more order and regularity to the present 
rather unsystematic series of results. | 
Asa rule we worked again in the spectrum of the first order; in 
some cases we had recourse to the second order, in which some 
special effect may sometimes be better judged, at least from a 
qualitative point of view; for measurements the first order proved 
preferable on the whole. As we have never to do with very fine 
lines, too great a dispersion is of no use here, and certainly of 
much less importance than a strong magnetic resolving power. Very 
thin erystal chips — some tenths of a mm. thick — already exhi- 
biting jet-black absorption bands, particularly for neodymium salts, 
we could use these, and expose them to very strong fields, mostly 
of 38—42 kilogauss. The distinetness of the spectral image depends 
to some extent on the choice of the proper thickness for every salt. 
The fields were measured with a bismuth spiral; the disturbance by 
the narrow slits is certainly less than with the usual round bores; 
the increase of the — saturated — magnetisation values of the polar 
end-pieces on cooling them down to — 190° is probably slight; it 
would be desirable to obtain further information concerning these 
points. We consider, however, the accuracy of our field-measurements 
of the same order as that of the readings in the spectrum. We again 
preferred the latter to a photographie reproduction; for with visual 
observation the identification of the lines with field on and field off, 
_ especially with erbium compounds, proved to be decidedliy easier. 


$ 21. Third series. We have investigated a few organic 
double salts of chromium and potassium with a view to a possible 
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ZEBMAN-effeet, the absorption spectra of which were fully described 
at ordinary temperature by Lapraık '). The so-called “blue’”” (dichro- 
itic red-blue) chromium-potassium oxalate [Or,K, (C,0,), +6 4,0] 
mentioned in our first paper exhibited in liquid air a strong band 
696,4—701,4 (cf. $ 5), evidently still too broad to be taken into 
account. This oxalate may not be mistaken for the so-called “red” 
compound: 

Chromium-potassium owalate [Cr, K,(C,0,), + x H,0; different 
authors consider —8, 10,12]; this was obtained by Crorrt in 1842, 
and its absorption-spectrum was investigated by BREWSTER’). Strongly 
dichroitie (claret hue-bluish grey) probably monoclinie erystals. At 
— 190° a number of fine bands and lines in the red are seen with 
the spectrometer, the most striking of which are a rather strong 
band 680,0, and a strong band 692,5 between the red ruby bands 
R, = 691,8 and R, = 693,2 (comp. $$ 7, 17). 

A plate, 1.5 m.m. thick had to be examined with sunlight on 
account of its strong absorption; for the same reason the crystallo- 
graphie orientation could not be determined. At -—- 193? line 692,5 
had a width with field off of 0,14 uu with non-polarized light; in a 
field of 36,5 kgs. the widening amounted to about 0,05 un. 

Chromium-potassium malonate |\Or,K,(C,H,0,), + 64,0], is evi- 
dently homologous with the “blue” oxalate. This could only be 
obtained as an interlaced dark crystal magma with irregular orien- 
tation; dichroitic (grass green-sky blue). In the red at — 193° we 
find a strong band, the middle of which 693,3 eoineides pretty nearly 
with the red ruby band R,=693,2; and a broader rather faint band 
698,3. A sample of a thickness of only 0,15 mm. exhibited band 
693,3 with a width with field off of 0,8 uu with unpolarized light; 
moreover it appears to have shifted 0,8 uu towards the red with 
respect to the corresponding band of the oxalate above mentioned. 
In a field of more than 40 kgs. the band became distinetly vaguer 
and almost disappeared. We had no opportunity as yet to examine 
a malonate homologous with the “red” oxalate; perhaps the phe- 
nomenon would appear more clearly still in this case. 


$ 22. Fifth series. We have now made a closer examination 
of some salts of the four metals Pr, Nd, Sm and Er, such as had 
been used in 1899. 

Praseodymium sulphate [Pr,(SO,),- 8H,O]. Light green plate, 
containing both optical axes, 0,6 mm. thick. Exhibits several not 


ı) W. Larram, Journ. f. prakt. Chemie (2) 47 p. 307, 1893, 
2) A. Rosenheim, Zeitschr. f. anorg. Chemie 11 p. 196, 1896 ;and28 p. 837, 1901. 
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very narrow bands at — 193° in the violet and blue; in the orange 
some heavy broad bands, moreover a strong band 599,0-—599,3, a 
pretty faint band 600,9—601,4. The plate was now investigated 
with the median line (dividing the acute angle formed by the axes 
into two equal parts) vertical in a field of 40 kgs. 

With vertically polarized light band 599,0—599,3 appeared to be 
subject to a distinet widening of 0,1 uu; the other band also became 
wider and vaguer. With horizontally polarized light the phenomenon 
was analogous, but less distinetly to be seen; on the other hand 
some of the wider bands then show an unmistakable widening '). 


Neodymium. sulphaie | Nd,(SO,),: 84,0]. 


$ 23. As a supplement to what was communicated in $ 19 a 
number of plates of different thickness were more fully examined; 
they again contained both optical axes; the line dividing the acute 
angle was again placed in a vertical position. 

Group of bands in the blue at — 193°; 8 of these bands were 
measured. For the sake of brevity we have been obliged to draw 
up the results in a table, where A denotes the wave-length, ß, the 
width with field off, ß- the width in a field of x kgs., dß the wide- 
ning; in case a multiplet is formed, the distance of the centre-lines 
of the extreme components is denoted by d2; the value of dA/2? is 
expressed in cm", as is now usually done. 


en mn mn 


4 Kilogauss. — Plane of polarisation horizontal — Thickness 0.3 mm. 


I II II IV V VI VI vi 
EEE SEE GR 


| 
2 [460.5 | 1.8 474.0 | 474.5 | 475.3 | 476.2 | 477.0 | 477.4 | AB 


% | o.%#| 0.| 0.4s| 0.05| 0.085) 0416| 0.1061 0.0| „ 
en | 0.8 035| — 0.105 -- 0.15 0AM| 0.8| „ 
d 0 0.) — 0.0551 — 0.035) 0.405 0414| „ 
De — ee 0.48.17 & ai a 
ahj32 — —_ 9.8 _ 8.0 —_ - — (em. 


1) From a copy that Prof. Kameruineu Onnes kindly sent us of the paper by 
himself and Mr. J. BecquereL (These Proc. X, p. 592) we now infer that the 
results given for the silicates of Pr and Nd really apply to the sulphates; we 
had then nearly finished our observalions; as, moreover, these were made at 
_ 1939 instead of — 253° and in a much stronger field, the two series ofresults 
are not directly comparable; but they may serve to complete each other. 
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Here III formed an asymmetrie doublet, of which the component 
on the red side was the narrower; V a faint doublet; for VI the 
middle became somewhat lighter. 

With a vertical plane of polarisation all the bands became vaguer, 
most of them slightly shifting towards the red; in the field the bands 
widened or further faded away; now only Ill gave a symmetrical 
doublet. 

Band in the blue-gren at — 193°: with a horizontal plane of 
polarisation 2 = 511,9, &,—= 0,13 ug; in a field of 42 kgs. a doublet 
appeared: width of the lefthand line 0,13, of the righthand line 
0,18, of the light interval 0,09 au; the whole made the impression 
of perhaps being a quadruplet. With a vertical plane of polarisation 
the phenomenon was analoögous but less clear. 

Group of bands in the green at — 193°: 6 bands were measured. 


Eee A 


42 Kilogaus. — Plane of polarisation horizontal — Thickness 0,3 mm. 
I 1 II IV V VI 
ei UWE EEE EEE EEE EEE 
j\ 52102 523.0 523.9 52583 526.0 Ä 527.5 ea 
Bo 0.49 0.105 0.355 0.10 0.13 0.195 > 
Pas 0.58 — _ 0.15 0.275 0.275 > 
da 0.09 _ _ 0.05 0.145 0.08 > 
di — 0.26 0.29 _ _ == > 
aha _ 925 10.5 _ _ — cem—i, 


Band II gave an ordinary doublet; that of III remained rather 
dark in the middle, so that we may infer a more complex structure 
in this case also. 

With a vertical plane of polarisation all this was less clearly 
visible, band II still gave a clear doublet, for III only a trace of 
this could be perceived. 


Group of bands in the yellow at — 193°, Two rather sharply 
defined bands 576,0 (= 0,3) and 586,0 (%, = 0,14) exhibited a 
distinet widening of 0,05 uu in a field of 42 kgs. The intermediate 
bands are too wide for this kind of observation. 


Group of bands in the orange-red at —193°: 5 bands were 
measured, 
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38 Kilogauss. — Plane of polarisation horizontal — Thickness 0,6 mm 
I I - III IV V 
| 
% 623.2 624.1 625.6 627.2 628.3 up. 
Bo 0.31 0.13 0.18 0.13 0.08 n 
Bas — 0.26 —_ 0.15 — r 
dß — 0.13 _ 0.02 _ 5 
a 0.22* > 0.40* Er 0.34 i 
n]32 5.7 _ 10.2 — 8.6 emi. 


Here I and III yielded very blurred doublets, of which the distances * 
of the extreme limits are given; V a distinet doublet with a shade 
between the components, perhaps a quadruplet. 

With a vertical plane of polarisation the phenomenon was analogous 
and was confirmed with a thinner plate: I was a doublet, III was 
invisible here, with IV some light appeared in the middle with 
greater widening, structure probably complicated, V was again a 
very distinet doublet. 

Group of bands in the red at — 193°: Four bands, among which 
two rather sharp ones 674,4 and 676,2 showed a widening or a 
fading away in the field; the last-mentioned became a doublet, 
perhaps even a quadruplet, with plane of polarisation vertical. 


Neodymium nitrate [Nd(N O,), . 6 H,0]. 


$ 24. It appeared important to investigate crystals besides the 
amorphous nitrate ($9); with a much slighter thickness erystals show 
intense and narrow absorption bands; the natural monoclinic plates 
were direeted perpendieularly to one ofthe optical axes, so that in this 
case a nicol could be done away with. The wave-lengths of the 
bands are on the whole slightly less — down to 3 ug — for the 
nitrate than for the sulphate. 

Band in the blue-green at — 193°. The wave-length now was 

— 511,3 un; in a field of 41 kgs. a doublet appeared, the compo- 
nents of which had a distance .of 0,22 yu. 

Group of bands in the green at — 193°. 5 bands were measured 
in the spectrum of the second order. 


44 Kilogauss. Thickness 0.2 mm. 
I 1 II IV V 
FE EL BE ET 
j 521.3 5228 523.1 524.6 525.0 uf 
Bo 0.155 0.11 0.18 0.09 0.045 a 
Baı 0.265 0.18 0.22 = 0.11 fr 
da 0.4 0.07 0.0% 2 0.065 | „ 
ai -- = _ 0.22 _ = 
aha 8.0 -- cm—u 


The doublet IV showed a shade in the middle. 

Group of bands in the yellow at — 193°. Two rather sharp bands 
581,9 and 583,1 exhibited a widening of 0.05 uu in a field ot 
42 kgs.; the others were too broad and too hazy. 

Group of bands in the orange-red at —193°. 3 bands were measured. 


40 Kilogauss. Thickness 0.45 mm. 
I u II S. III 
x 624.2 625.2 (626.7) 626.9 up. 
Bo 0.265 0.18 (0.05) 0.14 L 
ai 0.5 0.5 _ 0.5 n 
abj22 12.8 12.8 _ 12.3 |cm-—i 
| 


Doublets I and III were normal, II on the other hand was asym- 
meıric, the component on the red side being weaker; the satellite 
IIIS was no longer visible in the field. 


Group of bands in the red at — 193°: 8 bands were measured. 


40 Kilogauss. Thickness 0.45 mm. 


I 1 | II | IV V | VI Vu VI 
EEE En BEE EEE 
671.0 | 672.0 | 673 3 | 674.3 | 65.2 |6758 | 676.6 677.2 | am 
Bo 0.31 0.26 0.25 0.22 0.25 0.26 0.22 0312, 
Bio v. 0.52 0.45 0.32 v. v. _ — : 
da = 0,28 1° 10.209 89 100 cEs 2 4 RN 4 
Pr 3 en — _ _ _ 0.80| 0.90| „ 
a2 en rn _ _ —_ —_ 17.5 19.6 \cm-1 
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Band I, V and VI vanished in the field; with the field off 
II showed a dark core with shades on either side, which dis- 
appeared in the field. The two doublets VII and VIII gave the 
greatest resolution measured as yet — 1,5 X (D, — D,); with the 
field used the components facing each other happened to coincide, 
so that the pair of doublets looked like a very wide triplet with a 
heavy middle band. It ought to be possible to observe a phenomenon 
of this order of magnitude with every good spectroscope. 

Finally we mention that the neodymium-magnesium nitrate of $9 
also oceurs in hexagonal erystals; such optically uniaxial erystals 
are of great interest ($19); there also exists an isomorphous series 
of salts, which contain manganese, cobalt, nickel or zinec. Measu- 
rements on this subject have been made, partly they are still in 
preparation. 


Samarium sulphate |Sm,(SO,), 8 H,O]. 


$ 25. We now examined a more transparent sample (ef. $ 19), 
which again contained both uptical axes, and was placed like the 
other sulphates; 4 bands in the green were measured at —193°. 


40 Kilogauss — Plane of Polarisation horizontal — Thickness 0.8 mm. 

I u II IV 
es VE ET EEE 
i — _ 558.2 559.1 PR 
Bo 0.09 0.09 0.105 0.18 ' 
Bao 0.18 0.14 0.18 0.31 rn 
deu 0.09 0.02 0.075 0.13 : 


The effeet was apparently small here; the widened bands were 
vague. With a vertical plane of polarisation the phenomenon scarcely 


changed. 


Erbiumyttrium sulphate \(Er, YO): 


$ 26. We also examined an impure product obtained by treatment 

of the original minerals with sulphurie acid, in which erbium. and 

yttrium oceur in variable percentages, and the latter preponderates : 

the erystals were monoclinie. The group of bands in the green, 

yellow-green, and red showed peenliar and intricate effects of mag- 
57 


Proceedings Royal Acad. Amsterdam. Vol. X. 
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netisation; among others some bands which were hardly visible 
witb field off were much more pronounced with the field on, in 
contrast to most of the other cases observed. Further measurements 
on this point are in progress. 

It is quite probable that this product also eontains other rare 
earth-metals (e.g. dysprosium and holminm); this is, moreover also 
rather likely for the other erbium salts. 


Erbium nitrate Er ( N O,),. 64,0). 


$ 27. Here t00, besides the amorphous salts ($ 10) monoclinie 
crystal plates of an average thickness of 0.6 m.m. were examined, 
containing both optical axes. The bands were finer than for any 
sample examined before. On account of the very complicated reso- 
Iutions it was often somewhat diffieult to ascertain to what bands 
the different components belonged; on exeiting the field a sudden 
confusion was observed from which the single bands slowly emerged 
again on breaking the current. These observations were all made 
with unpolarized light. 

The results are best arranged in a table in a way somewhat dif- 
ferent from the above. 


Group of bands in the green at — 193°. 


mm—m— nn m dd 


2 B, | Influence of a field of 39 Kilogauss. 
516.4 | 0.17 increases in width (not measured). 
517.2 | 0.13 gives a quadruplet, the outer lines of which are 


very fine, the middle ones (from violet to red) 
resp. 0.12 and 0.15 wu wide, the distances of the 
middles amounting respectively to 


3 0.08 ; 0.27 ; 0.08 un, while the middle of the 
e- outer components seems to have shifted about 
0.01 uu towards the red with respect to the line 
with field off . 
ver he 
517.6 at no more visible. 
518.0 | 0.06 
5183 | 041 || givea very complex set of lines, which ought 


|| to be further investigated. 


518.6 | 0.07 
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By 


Influence of a field of 39 Kilogauss. 


520.2 


5207 


521.3 


0.10 
0.16 


0.17 


0.14 


0.11 


gives a doublet (not measured). 

gives an asymmetric quadruplet, the extreme lines 
of which are very fine; those on the violet side 
are very faint; the middle ones are resp. (from 
violet to red) 0.11 wide (this one very faint) and 
0.135 un ; the distances of the middles are resp. 
0.07, 0.255, 0.13 uu, the middle between the ex- 
treme components seeming to have been displaced 
0.05 ua towards violet with respect to the line 
with field off. 

gives an asymmetrice doublet, of which the com- 
ponent on the violet side is 0.05 uu wide, the 
other very narrow ; distance of the middles 0.175 un; 
the mean of these middles is not sensibly displaced 
with respect to the line with field off. 

gives an asymmetric triplet (doublet with satellite 
on violet side); not measured. 

gives an asymmetrie quadruplet; outer component 
on violet side rather strong, on red side feeble; 
middle components stronger. 


$ 28. Group of hands in the yellow-green at — 193° 


Influence of a field of 39 Kilogauss. 


gives an asymmetrie doublet, ceonsisting of (from 
violet to red) first a shade of a width of 0.29 uw, 


4 Pr 
534.8 0.13 | widens and fades away, not measurable. 
(faint) 
539.5 0.13 
shade” ) 
535.8 | 0.09 


then a strong band 0.18 gu wide, then a shade, 
and at last a faint undefined band 0.26 ug wide ; 
the middle of the first component has shifted 
0.17 uu towards the violet side with respect to 
the original band 535.5, the place of the middle 
of the second component being 535.8. 


I) With a somewhat thicker erystal they form together a heavy band. 


57% 
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1 B, Influence of a field of 39 Kilogauss. 

536.95 narrow || give together, seen in the first order, a triplet, 

satellite) the components of which {from violet to red) are 

537.15) 0.05 | resp. 0.10; 0.05; 0.07 un, wide, the first 
very faint, the last two stronger, and connected 

by a shade; the situation of the middles of 
the first two is shifted resp. 0.44 and 0.14 nu 
towards the violet, that of the last 0.05 um 
towards the red with respect to the band 
537.15 with field off. 

Seen in the second order the line 536.95 be- 
comes a symmetrie doublet, about 0.44 uu apart ; 
the line 537.15 an asymmetrie doublet, of which 
the component on the red side is very heavy. 

537.35 narrow | together give a triplet, the components of which 

feeble | (from violet to red) are resp. 0.08; 0.08; 0.10 uu, 
satellite 2 2 
537.6 0.06 wide, the first two strong, and connected by a 
537.8 Inarrow|  Sbade, the last very faint; the place of the middle 
satellite, | of the first component has moved 0.02 uu to- 
a wards the violet, that of the two following ones 
ee resp. 0.07 and 0.34 un towards the red with 
inan ehe respect to the original line 537.6. 
former 

538.5 | narrow | gives a doublet (not measured). 

539.15) 0,09 | gives a doublet, with components each 0.08 uu 
wide, and distance of the middles 0.30 uw; on 
the violet side another shade is seen, where pos- 
sibly a third component is found ; the middle of 
the two lines of the doublet seems to have shifted 
0.03 uu towards the violet with respect to the 

; original line 539.15. 

939.7 0.08 gives an asymmetrie sextuplet of which the four 
outer components are faint, and very narrow, the 
two middle ones heavy, and resp. (from violet 
to red) 0.06 and 0.03 un wide, the distances of 
the middles amounting resp. to: 

0.045; 0.05; 0.11; 0.17; 0.035, total 0.41 um. 

The middle of the two outer components coin- 

| eides with the line with field off. The two com- 


n 
FB nn nn EEE EEE EEE 
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Bı 


Intluence of a field of 39 Kilogauss. 


540.3 


540.8 


0.07 


ponents on the violet side are connected by a 
shade. 

gives a somewhat vague band, 0.22 uu wide, in 
which lines could not be distinguished with cer- 
tainty : it may, however, be a triplet. The middle 
seems to have been displaced 0.03 uu towards the 
violet with respect to the line with field off. 
gives an asymmetrice quadruplet, of which the 
three components Iying on the violet side are 
ı rather strong, the fourth weak ; the mutual dis- 
tances of the components are very nearly the 


same, and amount to 0.18 uu. 


$ 29. Group of bands in the red at — 193°. 


642.8 


B, 


| Influence of a field of 40 Kilogauss. 


not mea- 
sured 

not mea- 
sured 


0.09 


0.11 


gives an asymmetrice doublet, (not measured). 
gives an asymmetrie doublet, (not measured). 


gives a doublet, consisting of a faint, thin line 
on the violet side, and a strong line, 0.11 uu 
wide, the middle of which is at a distance of 
1 0.09 gu from the other faint line, and has moved 
0.18 uu towards the red with respeet to the line 
with field off. Probably on the red edge of this 
strong line another faint line is found, which is 
eonnected with it, so that the whole would form a 
triplet. 

gives a triplet, the extreme components of which 
are weak, and very narrow, the middle ones 
strong, and 0.125 uu wide; the distance of the 
middles (from violet towards red) amount resp. 
to 0.11 and 0.16 ww; the middle of the inner 
| components has been displaced 0.035 towards 
the red with respect to the line with field off. 
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Influence of a field of 40 Kilogauss. 


650.5 0.09 | is widened; the width amounts to 0.35 uu, the 
(some- | band on the violet side is darker than the one lying 
what | towards the red; (possibly ‘a quadruplet is formed, 
which, however, is uncertain); a displacement, 
however, was not observed. 

651.3 0.09 | incereases in width and fades away; the width 
(some- | amounts to 0.40 uw; a shift towards violet seems 
to take place, but could not be ascertained. 


$ 30. Seventh series... We now investigated. 
Uranyl potassium sulphate [UO, K,($0,), + 2 H,0). 


A rhombie plate containing both axes, 0.7 m.m. thick, was examined 
in a field of about 4O kgs. with unpolarized light at — 193°. The 
well-known bands appeared to be much more numerous and narrower 
than for uranyl nitrate (e.f. $11), among others 487.8, 488.2, 488.8 
and 490.5 in the blue. These bands seemed to fade somewhat in 
the field, but the phenomenon was uncertain here, and in aııy case 
tlıe widening did not amount to more than 0.02 uu. For the many 
bands in the violet no action of the field could be perceived. 


Physics. — “The value of the self-induction according to the electron- 
theory.” By Prof. J. D. van pur Waaus Jr. (Communicated by 
Prof. J. D. van DER Waaus). 


Many physieiists refer to the existence of self-induetion in order 
to make the existence of kinetie energy of eleetrons more intelligible. 
To a certain extent there is no objeetion to this, provided we keep 
in view, 1° that the kinetic energy consists for a large part 
electrical energy whereas for the caleulation of the self-induetion 
only the magnetical energy is taken into account, and Ind that from 
a theoretical point of view it is the self-induetion which is to be 
explained from the kinetice energy of the eleetrons, and not vice- 
versa. It is this second point which occasions me to make the 
following remarks. 

Let us imagine a piece of metal which contains a great number 
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of positively and negatively charged particles with a total charge 
zero, the positive charge of the positive partieles being exactly 
equal to the negative charge of the negative ones. When we put 
this piece of metal into motion we must ascribe to it a certain 
amount of electromagnetic mass which is equal to the sum of the 
electromagnetice masses of the positive and negative partieles. If, 
however, we send a current through the piece of metal, then the 
energy of this current is not equal to 48° mv’, m being the mass 
of a particle and v the mean velocity which is imparted to them 
by the electromotive force. 

This differenee can be explained in the following way. In the 
case that the piece of metal moves, the positive and negative particles 
move in the same direction and then in all points of space as well 
the electrical as the magnetical forces exerted by the different 
electrons have a different direction and nearly cancel each other, 
in such a way that we find only sensible forces in the points which 
are so near one of the electrons that the forces exercised by that 
electron strongly preponderate over those exercised by all the other 
electrons, and need only to be taken into account. In the case that 
a current passes through tlıe metal on the other hand the magnetic 
forces of a great part of the electrons will act in the same direction, 
and in a point at some distance, where the force 5 exerted by a 
single electron is negligibly small the magnetic force exereised by 
all the electrons contained in a unit of volume of the metal (which 
number we will call N) together will nearly amount to N», in 
consequence of which the energy will be of the order N’.5?. This 
energy proves not at all to be equal to the sum, but rather to N 
times the sum of the amounts of energy which the single electrons 
would occasion at that point. From this we may deduce that the 
energy of the current is much larger than 4 mv”. 

Though it might be worth while to try and calculate the amount 
of this energy more accurately, it seems to me that there can be 
little doubt but we should find for it: 


/A„E+L)E 
where Z represents the coefficient of self-induetion as it is usually 
caleulated from the magnetie energy alone, and 
/,De® =), Emm. 
If we assume that the current is transferred by only one kind of 
electrons then we may write for &4 mv? for each unit of volume 


4N mw. 
5 BE 
If we now assume the “piece of metal” to be a circular circuit 
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of metal wire with a radius R and the wire to have a circular 
section with a radius r, then we have = ar’ N ev and 
‚_ar2nR Nm: 2R m 
en (ar Nov? r’ Ne: 
Supposing r to be small compared with £ we may calculate Z 
for this eireuit from the formula of KırcHHOFF: 


ı (8 R 
L=2ar|ı() — 1,75 i 
Yl 


The number N being probably different for different metals, Z’ 
also appears to depend on the kind of metal of which the eireuit 
consists, whereas Z only depends upon the geometrical properties 
of the eireuit. On the other hand we see that Z’ has a constant value 
for a given wire, independent of the way in which the wire is wound 
to a coil, whereas Z depends in a high degree upon the way of coiling. 


! 


The ratio z will therefore in different cases have a very different 


4 


value. We shall try to get an idea of what order this quantity can 
be, and inquire whether we are always justified in neglecting Z’ 
compared with ZL. To this purpose we can make use of the value 
of Ne, which has been caleulated by J. J. Tuomsonx ') for bismuth. 
From the value of the resistance and from the variability of the 
resistance in the magnetic field Tuomson deduces that the value of 


Ne for bismuth amounts to about 0,11. If we put a 1,865.107 
Mm 


we find 


R 
22,10% 
p? 

Metals with a greater conductivity will probably have a higher 
value for N. Tuomson estimates the value of N for copper or silver 
to be several thousands of times larger than for bismuth. 

We obtain the same result by starting from the values 


N, = 0,69 . 10% N, —= 0,46 . 10: 


for the numbers of positive and of negative particles per em?., which 
have been derived by Dkup&*’) from the behaviour of bismuth in 


') J. d. Tuomson. Rapports presents au congıes de physique a Paris, Il. 
p. 145. 1900. 


?) Drupe. Ann. der Phys. IV Folge. 3. p: 388. 1900, 


%) Epw. B. Rosa and Lovis Gonen. Bulletin of the Bureau of Standards. Vol. 4. 
No. 1. Reprint No. 75. 
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other respects. Putting e= 102° we arrive at a value of Ne which 
does not deviate very much from that of THomson. 

Rosa and Conrn*’) caleulate for the self-induction of a circle with 
R=25 cm. and r = 0,05-cm. 


L = 654,40496. 
For this same circle we find 
L=0,014 


so if we neglect L’ we make in this case only an error of # 0,002°/,. 
This value applies to bismuth, for other metals the correetion is 
probably much smaller still. The correction is also relatively smaller 
when we have not one circie but many windings. On the other 
hand the correcetion is much greater if we take a thinner wire. 

Notwithstanding the perfect agreement between the numbers of 
Taomson and of DrtpE these values do not seem very reliable to me. 
It is therefore not superfluous to inquire whether we can find another 
way in which we might evaluate Z'. Perhaps this might be done 
as follows. 

Hacsen and Rusens!) have shown that the reflective power of 
metals for infra-red light of large wave-length can be explained by 
ascribing to these metals the same conductivity for electric vibrations 
of the considered frequencies as for stationary ceurrents. This seems 
to indieate that the mean free path between two collisions of an 
electron against the atoms -of the metal is small compared with those 
wave-lengths®). As the same does not apply to light of a wave- 
length smaller than one micron, we should be inclined to deduce 
from these optical properties that the mean free path is not much 
smaller than one micron. 

We cannot deny that this value of the free patlı is remarkably 
great, as we find a value for the free path for the molecules of 
{he air at a pressure of one atmosphere, which is about 10 times 
smaller. But let us notwithstanding assume this value of the path- 
length to be correct, then it yields a new method to calceulate Z. 
We find, namely, for the conductivity of a metal: 

2Ne?l 


oc—n- 


MU 


where % is the mean veloeity of the heat-motion of the electrons, 
1) Hagen and Rusens. Berl. Sitzungsber. 1903, p. 269, Ber. d. deutschen phys. 
Gesellsch. 1903, p. 145. 

2) Comp. H. A Lorentz. These Proceedings V, p. 666, 1903. 
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! the path-length, and n a constant, which according to DrupE 


amounts to !',, according t0 LORENTZ') to zu 
T 
So we get: 

2R m 2R nl 
Ma: = i 

r’ Ne? r?’ 0u 

At T=300 we may put u=1,75.10°. Moreover we have 

co —= 6,14.10* for silver, and we shall assume {= 10%. This yields: 


This is about '/,, of the value found for bismuth, and not less 
tban "/,.00, 35 we expected. The error caused by negleceting Z’ amounts 
therefore for a cirele of silver wire of R= 25 cm. and r = 0,05 em. 
to £ 0,0001 °/,. 

lt seems to me as yet impossible to compute for Z’ a value which 
may be trusted to be accurate. Yet I think that the above caleula- 
tions make it probable that for eoils which are wound in such a 
manner that they have a large self-induction, the value of Z’ may 
be neglected compared with Z; but that on the other hand 4 may 
not always be neglected if the coil is wound in such a way that Z 
is as small as possible. In the latter case it might perhaps be possible 
to determine /' experimentally, at least if Z can then be euleulated 
with a suflicient degree of accuraey. And if it should prove to be 
possible to determine the different values of /’ for different metals, 
this would be a valuable datum for the extension of our knowledge 
of the motion of the electrons in metals. 

Finally it may be remarked that we shall also find a considerable 
value for L’ for a current which does not pass a metallie wire, but 
for instance a Röntgen-tube. The high value of the velocity of the 
electrons in this case, gives rise to a high amount of kinetie energy, 
and this “energy of the kathode-rays” will no doubt reveal itself as 
an increase of the self-induction of the eirenit in which the tube has 
been inserted. 


%) H. A. Lorentz. These Proceedings VIL, p. 448. 1904 
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Chemistry. — “The action of concentrated sulphurie acid on glycerol 
esters of saturated monobasice fatty acids.” Preliminary com- 
munication. By B. W. van Erpik Theme. (Communicated by 
Prof. 5. A. HooGEwERFF). 


As is well known, the saponifications may generally be represent- 
ed by the equation : 

RCOOR, + H,O ZRCOOH + ROH. . . . d) 
that is we shall always obtain an equilibrium between the reacting 
molecules which is dependent on the temperature, on the medium 
and on the nature of the ester. 

The velocity of the saponification is moreover very low and is 
vigorously accelerated by hydrogen ions; so long, however, as the 
quantity of the acid added does not considerably modify the nature 
of the medium the equilibrium will not be changed thereby. 

In the technies of fat-saponification dilute sulphurie acid is used as 
catalyst, for instance in the Twitchell process ; from the above it 
follows that we must not expect the process to complete its course ; 
it is considered satisfactory wben the fat is resolved to 94 a 96°/, 
of free fatty acids. 

If we use a stronger acid the process becomes modified. Firstly, 
we are dealing with another medium (in practice where the quantity 
of acid is small the medium itself is changeable during the process), 
secondly we have besides the first process also the following: 

RCOOR, + H,S0, ZRCOOH + ROSO,B . . . (2) 
which means the expulsion of one of the acid residues by the otlıer 
one. 

Here also, however, we may expect the reaction to be reversible 
so that it will be completely to the right only when: 

a. The sulphurie acid added, is anhydrous (100°/,), 

b. An excess of acid is added to dry fat, 

e. The temperature at which the action takes place, is kept within 
definite limits. From this it follows, that the statement of Büntz ') 
that butterfat is completely saponified by sulphuric acid of sp. gr. 
1.8355 (corresponding with 93.5°/, of H,SO,,) cannot possibly be 
correct. 5 grams of butterfat are heated in an Erlenmejjer flask of 
‘one litre eapaeity to 100°, 10c.c. of 93.5°/, sulphurie acid are 
added and the whole heated for 10 minutes in a waterbath at 
30-—33°. 150 c.c. of water are added next. 


1) Chem. Zeit. N, 12 1894 pg. 204, also Kreıs Chem, Zeit, NO, 76 1892 pg. 1394. 
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Moreover, the high temperature at which the action of the acid 
takes place is unsuitable for the purpose ofa complete saponification, 
because, as will be seen, it is just the increase in temperature which 
causes the shifting of {he equilibrium in equation (2) towards the 
left. On repeating Bünrte’s method I obtained the following figures : 
With  93.5°/, acid the butter fat was resolved to 81.0°/, of free fatty acid 


0 
„» 98.5°/, 33 „ „ ” ” ” 2) 89.7 bi » ” ” ” 
0/ 
100.0° „ 3 y ” [) ” ” 92.2 ’0» ” „> ” 
” 0 ’ ’ 


From these figures, the influence of the concentration of the sul- 
phurie acid is very obvions; also the imperfection of the method so 
that it cannot be a matter of surprise that it has been entirely aban- 
doned. 

In order to get a better insight into the action of eoncentrated 
sulphurie acid on fats I chose as starting material pure trilaurin 
prepared from Tangkailak fat obtained from the fruits of Cylicodaphne 
Litsaea, a tree growing in West Java. The fat consists of trilaurin 
and triolein so that it is easy to prepare trilaurin from the same by 
recrystallisation from ether. 

The sulphurie acid employed was 100.0 '/, a8 determined by titra- 
tion. Experiment «a took place at a temperature of 18°, experiment 
db and e at 1—2°. Time of action 30 minutes. 


a 1 mol. of trilaurin t0_ 6.5 mol. of Z, SO, gave 86.6°/, free fatty acid 
b 1 » „ ” ER) 26.0 E£) „ H, SO, „ 35.5°/, ” 
C 1 ” ” >) L2) 52.0 > „ H, So, »’ 100.0°, EI} 


the. reaction : 

trilaurin + sulphurie acid = glyceroltrisulphurie acid + laurie acid 
seems, therefore, only practically complete with a very large excess 
of sulphurie acid and at a low temperature, for if experiment c is 
repeated and then again heated at 60° for 1'/, hour, a shifting towards 
the left takes place and trilaurin is regenerated. The course of the 
investigation is briefly as follows : 

The 100.0°,, sulphurie acid is weighed in a flask which is then 
cörked and placed in ice water. The weighed trilaurin is now added 
in small quantities. As by the action of the acid on trilaurin heat 
is generated no fresh portion of trilaurin must be added until the 
previous lot has dissolved ‘). When all the trilaurin has dissolved 
and the time of action has expired the contents of the flask are 


!) From this evolution of heat with saturated compounds it follows that no 
undue importance should be attachıed to MAUMENE's experiment (Gompt. rend. 1882. 
35 pg 572) wlıere this evolution of heat is made use ofto detect unsalurated compounds. 
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poured on to pounded ice in order to prevent as much as possible 
a rise in temperature and consequent saponification. Suffieient alcohol 
is now added so as to obtain a 60°/, alcohol mixture and this is 
then shaken with a mixfure of.ether and petroleum ether. After 
washing with water the ether is evaporated. In experiment c a sub- 
stance was left with ester number O0 and acid number 280.5, which 
points to pure lauric acid. This proves that ail the trilaurin was 
decomposed. 

On repeating experiment c with subsequent heating at 60° for 
1°/,, hour and removing the sulphurie acid in the manner described 
a substance was obtained with acid number 246.8 and saponification 
number 280.9; ester number 34.1. As trilaurin possesses an ester 
number 263.8, 12.9 °/, of trilaurin has been regenerated. 

As regards the lauric acid which in the previous equation occurs 
together with glyceroltrisulphurie acid it must be remarked that this 
unites with H,SO, to moleceular compounds which are more or less 
soluble in benzene. Now if trilaurin is dissolved in 100 °/, acid 
(experiment c) and if this is shaken with dry benzene both lauric 
acid and sulphurice acid may be detected in that solvent. Compounds 
of a similar character have been described by HooskEwERFF and VAN 
Dorr '). In these additive compounds the oxygen is sometimes taken 
as quadrivalent such as: 

H 


—— 6 — 0 —S0O,H 
RCOOH + H,SO, =R—C—0—H 

Others, H. Mewer ’), believe in the existence of a kind of mixed 

acid anhydrides: 
8 
R.COOH +H,80,=R—C—0—S0O,H+H,O. 

The latter is improbable as then we should want in all these 
compounds exactly 1 mol. of water of erystallisation for 1 mol. of 
the two aeids. We already noticed in the saponification of butter fat 
that the concentration of the acid plays an important part; this is 
also the case with trilaurin. If now at a temperature of 1—2° we 
allow 52% mols. of 94.6°/,, sulphurie acid to act on 1 mol. of tri- 
laurin for 30 minutes a substance was obtained, after removal of 
the sulphurie acid, consisting of 80°/, of laurie acid and 20°/, of 
undecomposed glyceride. This glyceride was separated from the 


1) Recueil XVIlI 1899 bl. 211. 
2) Monatshefte für Chemie 24 p. 340. 
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laurie acid and its ester number found to be 244.0. The ester numbers 
of trilaurin, dilaurin and monolaurin are respectively 263.8, — 246.1 
and 204.7 so that the separated glyceride is a mixture. 

The mono- and dilaurin are probably formed here from compounds 
like C,H, (OR) (0 ..SO,H), and C,H, (OR), (O . SO,H) by decomposition 
with water R=(,,H,, CO. 

Similar compounds are still under investigation. In the action of 
concentrated H,SO, on nitroglycerol analogous reactions oceur. NATHAN 
and RıyrouL‘) in an articleon: Nitro-glycerine und seine Darstellung 
write: 

“Die Absorption des Nitroglycerins durch die Abfallsäure ist nicht 
nur ein Lösungsvorgang. Es findet noch eine zweite Reaktion statt, 
zwischen der Schwefelsäure und dem Nitroglycerine, unter Bildung 
von Sulfoglycerin und Salpetersäure. Diese umkehrbare Reaktion 
gelangt schnell in den Gleichgewichtszustand, so dass bei einer nor- 
malen Abfallsäure eine Hälfte des gesamten absorbierten Nitroglycerin 
als Sulfoglycerin vorhanden ist; während der Rest tatsächlich als 
Nitroglycerin in Lösung geht.” 

The reverse reaction (2) which still takes place at 60° even in 
the presence of a large excess of acid: glyceroltrisulphurie acid + 
laurie acid = trilaurin + sulphuric acid is to a certain extent com- 
parable to the synthesis of glycerides according to Grün and ScHAcHT? ). 
They, however, write: 

“Die Esterificirung des Glycerins durch Schwefelsäure bleibt — auch 
bei Anwendung von grossen Überschüssen an Säure — bei der 
quantitativen Bildung von Glycerindischwefelsäure (C,H, (OH) (0.S0,H), 
stehen, dementsprechend treten auch bei der Einwirkung der orga- 
nischen Säuren auf diese Verbindungen nur zwei Acyle in das 
Glycerinmolekül ; man gelangt zur Diglyceriden.” 

“Die Bildung von Mono- und Triglyceriden konnte beim Einhalten 
der unten angegebenen Bedingungen nicht constatirt werden ; ebenso 
wenig die Bildung anderer Nebenproducte.”’ 

It seems to me that tbis conelusion cannot eonform to theory: it 
is also in confliet with my own observations. First of all, glycerol- 
disulphurie acid is never formed quantitatively in the esterification 
of glycerol by sulphurie acid, secondly byproducts are formed in their 
synthesis from diglycerides. 

If one part of glycerol is dissolved in four parts of 98.3°/, sulphurie 
acid there is formed chiefly a mixture of glyceroldi- and trisulphurie 


') Chemiker Zeitung No. 20. 1908. p- 246. 
°) Berichte 38 p. 2284 (1905) see also Berichte 40 p. 1778 (1907). 
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acid, also a small proportion of the mono-acid. If to this mixture 
is added palmitic acid dissolved in H,SO, a substance is obtained 
with an ester nuinber of 205.1; the ester numbers of tripalmitin 
and dipalmitin are respectively 208.8 and 197.6. By one single recrys- 
tallisation from absolute alcohol, nearly chemically pure tripalmitin 
with an ester number of 208.1 and m.p. 64—65° could be isolated. 
Therefore, a mixture of dipalmitin and tripalmitin has been the 
main product. The barium salt prepared by me according to their 
method possesses another composition as stated by them; it should, 
however, be observed that C,H, 0,5, Ba + 2 H,O does not require 
7.63,/, of H,O but 8.50°. 

One part of chemically pure glycerol D 1.261 was dissolved in 
4 parts of 98.5°/, sulphuric acid. After 15 minutes an equal volume 
of water was added, the liquid was neutralised with barium carbo- 
nate and after removal of the barium sulphate by’filtration the liquid 
was evaporated in vacuum. After adding a little alcohol it is again 
evaporated so as to get rid as much as possible of the water. 

If now, an excess of absolute alcohol is added, a thick white 
preeiptate of syrupy consistence is formed, which is shaken several 
times vigorously with alcohol to remove any free glycerol. The 
precipitate solidifies after a while and is then dried in vacuum 
over P,O, to constant weight. 

3.132 grams of the dried salt gave on evaporation with sulphurie 
acid 1.7380 grams of Ba SO, = 55.49°/, of sulphate or 32.65°/, of 
barium 0.7740 grams gave 0.4295 grams of sulphate = 55.49°,, or 
32.65°/, of barium. 

Caleulated for the Ba salt of the anhydrous di-acid 60.24, 
i /, Ba SO.. 
r ee 5 „ mono-acid 48.67 

On heating the dried compound for 1'/, hour at 105° in an air- 
bath it turns brown and evolves acrolein. In this operation 1.059 
grams lost 0.011 grams or 1.03°/,. 

Therefore, a mixture of barium salts has formed which may be 
readily explained by the fact that on diluting the mixture of glycerol 
and sulphurie acid, the tri-acid already formed passes into lower acids. 

Crazsson '), who was the first to prepare glycerolsulphurie acid 
also observed this conversion of the tri-acid into the lower acids. 

He prepared the tri-acid from anhydrous glycerol and chlorosul- 
phonie acid; his statement that this tri-acid, en boiling with water 
or dilute acids, is readily and completely resolved into glycerol and 
sulphurie acid is, however, ineorreet; at least after boiling for one 


1) Journal für praktische Chemie [2] Bd. 20. p. 1. 1879. 
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hour there still remains a portion of the acid combined with glycerol 
in the form of a mono-acid. 

Glyceroitrisulphurie acid was prepared by me according to ÜLAESSON 
from anhydrous glycerol and chlorosulphurie acid. 1.619 grams of 
the acid was dissolved in water and boiled for an hour, the solu- 
tion was neutralised with barium hydroxide and the resulting barium 
sulphate weighed. If the sulphuric acid had been eliminated comple- 
tely 3.411 grams of barium sulphate ought to have been formed but 
only 2.121 grams were found; therefore 0.542 grams of sulphurie 
acid was left in combination with glycerol. 

The above experiments, therefore, throw a little more light on 
the sulphurie acid saponification of fats. Further communications 


will follow shortly. 


Gouda, 5 April 1908. Laboratory Candle Works. 


Palaeontology. — “On Dulichtum vespiforme sp. nov. from the 
briek-earth of Tegelen.’ By Mr. Crsmexd Rei F. R. S. and 
Mrs Ersanor M. Reıp B. Se. (Communicated by Prof. G. A. F. 
MOLENGRAAFF). 


In our paper on the Fossil Flora of Tegelen published in 1907 ') 
we figured a fruit provisionally referred to Rhynchospora, though it 
did not possess the articulate beak of that genus. All the specimens 
then available were so much distorted and injured by germination 
that it was diffieult to determine what the character of the perfect 
fruit would be. In addition to this, the most perfect specimen appeared 
to possess a quadrate base and 8 setae, characters unknown in 
Dulichtum, to which genus the fruit was in other respects comparable. 

Since the publication of our paper we have obtained ınore material, 
thanks to the kindness of Dr. Lori and Baron L. Greimpr. This 
new material and a closer examination of the speeimens before col- 
lected, enables us now to describe the fruit as a new species belonging 
to Dulichium, a genus now confined to America, though already 
recorded by Dr. N. Hartz as occurring in an interglacial peat-moss 
in Denmark ?). Dr. Harrz’s specimens are referred, we think correctly, 
to the only living species, Dulichium spathaceum; our fruits are very 
different. 1 


') Verhand. Kon. Akad. Wetensch. (T'weede Sectie). Deel XIII, No. 6, fig. 105. 
?) Dansk. geol. Forening 10, 1904, p. 13, 
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CLEMEND REID and Mrs ELEANOR M. REID. “On Dulichium vespiforme 
sp. nov. from the brick earth of Tegelen.” 


1. Dulichium spathaceum L. C. Rıch. Recent, America. 2—8. Dulichium vespi- 
forme sp. nov. Fossil, Tegelen. All the figures are magnified to the same 


scale — 12 diameters. 
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Fruetus dimidio brevior e6 D. spathacei tamen latior, long. (rostro 
incluso) eirciter 3—5 mm.; setae 7 vel 8 (forsitan 9), longitudinaliter 
complanatae, canaliculatae, striatae; nux ovata subito in stipitem 
coarctata, in rostrum longum gracile attenuata, paulo triangularis 
vel plano-convexa, praesertim rostrum versus; superficies foveolata, 
multangula, eä D. spathacei evrassior; long. (rostro exeluso) 2.0—2.5 
mm., lat. 1 mm. 


Figs. 1—8, photographed on the same scale, show the differences 
between the recent and fossil forms. In the living species the nut is 
oblong, not ovate, and is much narrower in proportion to its length. 
The long stalked nut with oblique attachment, inarticulate style, setae 
more than 6 witlı recurved hooks, are generic characters common 
to the two species. In section the nut of D. vespiforme is somewhat 
triangular near the base, becomes plano-convex in the middle, but 
loses its convexity as it passes into the beak;, the beak at its base 
is flattened triangular, but becomes terete above. 

As all the specimens we have yet seen (about 20) have apparently 
germinated, it is impossible to describe the exact shape of the nuts 
or the complete setae; we have therefore figured several actual 
speeimens, without attempting to restore them. The setae are more 
or less broken, but we cannot find clear evidence of more than 8 
in any of the speeimens ; they differ from those of D. spathaceum 
in their flattening, and they are longitudinally channelled instead of 
showing a midrib. The fruits undoubtedly belong to the genus Duli- 
chium; and as the living species has a wide range in latitude we 
thought it possible that some form (several different ones have been 
recorded) might agree with our fossil. We find, however, that the 
fruits of the recent forms in the Kew herbarium vary only slightly ; 
they are always much larger than our fossil, and the nut is long, 
narrow, and parallel-sided. 

Whether the genus Dulichium originated in Europe or in North 
America there is nothing to show. It has now only one living spe- 
cies, confined to America , but this species has been found also in 
a fossil state in Denmark. Now, in an older deposit in the province 
of Limburg, we discover an extinet form. Very little is yet known 
as to the geological history of the Oyperaceae, and Dulichium will 
probably turn out to have been widely distributed and to have had 
many species. The genus is at present very isolated and the new 
fossil form makes no approach to any other genus. 


98 
Proceedings Royal Acad. Amsterdam. Vol. X. 
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Physics. — “Change of wawelength of the middle line of triplets.” 
(Second Part). By Prof. P. Zueman. 


6. We will now return to the observations of $4. Arranging these 
according to strength of field it appears that the distance a’ —a” changes 
considerably with increasing magnetic intensity. The displacement 
of line 5791 is not a linear function of the strength of the field but 
increases more rapidly than would follow from this simple relation. 
However it is impossible without further 'consideration to deduce 
the law of displacement, because, as remarked in $ 4, the distance 
of the lines of comparison does not remain invariable. This is the 
reason why somewhat different values of «—a" 'are obtained, when 
these are calculated from the change of a—a', than when the change 
of 5 -a' is considered. - 

The direction however of the displacement of 5791 is easily 
determined. It is towards the red end of the spectrum. A shift 
towards the side of increasing wavelengths corresponds in the figure 
of $3 to a displacement in the direction from a’ towards a". The less 
refrangible side of line 5791 is easily distinguished upon the negatives 
by the observation of the two weak less refrangible companion lines 
and the one weak more refrangible companion line ?). 


7. The shift of the middle line of the triplet may be demonstrated 
also by our method of the non-uniform field, if an echelon-spectroscope 
is made use of. A curvature of the middle line will be the immediate 
effect of the shift. If we use RowiAanv’s grating such a curvature 
would be invisible nor have I observed it in that case. 

The visibility of the eurvature will be much increased by taking 
care that in the image points corresponding to very different intensities 
of field lie elosely together. In order to attain this an eleven times 
reduced image of the vacuum tube, charged with mercury and placed 
into the field, was projected on the slit of the auxiliary Spectroscope. 
The lens used was a photographie objective of 10 cm. focus. 

The Plate gives somewhat enlarged reproductions of negatives 
relating to line 5791 resp. line 5770. The middle line is ne in 
{wo suceeeding orders. Between these the other components of the 
triplets are seen. With increasing magnetic force the components 
deviate further and further from their own middle line. In the 
central part of the field of view the maximum distance is reached 


') Janıert. Feinere Zerlegung der Spektrallinien von Quecksilb 
i er u.s.w,1 
Diss, Halle a. S, 1905, Annalen der Physik. Bd. 19, 36. 1906, ar 
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The component towards the red in the figures is always at the 
left of its middle line, being concave to it in the central part; 
the second manifestly curved line is the component towards the violet 
belonging to the other order. 

The curvature of the middle lines, the demonstration of which is 
the object of our present experiment, is undoubtedly visible in the 
figure for 5791. It is still more easily seen by comparison with a 
straight bit of paper. 

In the figure for 5770 this kind of curvature is absent. 

The asymmetry of the magnetic resolution of line 5791 is at once 
evident by the fact that one of the middle lines is approached more 
nearly by the outer component than the other. 

If we denote by a, and a, the distances of the components to their 
middle lines, then what I called on a former occasion') the amount 
of the asymmetry is equal to a, — Ar. This difference is also equal 
to the difference of the distances separating the plainly curved lines 
from the middle lines to which they do not belong, and to which 
they are convex. 

The two negatives were taken with tlie same field intensity of 
about 34000 Gauss. 

The question now arises whether the difference a, — a, is equal 
to twice the shift of the middle line or not. In the first case the 
asymmetry is brought about solely by the motion of the middle line 
towards the less refrangible wavelengths, the outer components 
having undergone a symmetrical displacement relatively to the un- 
modified line. The other, more general case one would rather expect 
without hypothesis or without the results of measurements. 


8. In order to test the question by experiment, I have taken on 
the same negative as well the figures described in $ 7 as the un- 
modified lines. It appeared however rather soon that, in the case 
of line 5791, only in the most intense fields the separation of the 
middle lines, taken with field on and with field off, was sufficient 
to allow measurements. 

I therefore refrain from communicating these experiments. Only 
one detail of the vacuum tube, charged with mercury and used in all 
my experiments with strong fields, may perhaps be mentioned. This 
vacuum tube of the form indicated by PASCHEN, has a rather wide 
capillary. That part however of the capillary which is placed in 
the magnetic field is drawn out. Only over this short distance the 


1) Zeeman, These Proceedings 30 November 1907- 
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capillary has a smali diameter. Now the gap-width of the electro- 
magnet may be considerably diminished; at the same time the 
electrical resistance of the vacuum tube is moderate. 


9. Measurements were made in the following manner. The slit 
of the auxiliary spectroscope performing the preliminary analysis of 
the light, was widened in order to obtain in the echelon specetroseope 
light of the two yellow mercury lines simultaneously. The steps of 
the echelon were placed parallel to the slit of the auxiliary spectro- 
scope. The image of the vacuum tube projected on the slit was now 
chosen in such a manner that only light from the uniform part of 
the field was analyzed. By means of a suitable small screen placed 
before the photographic plate its middle part could be exposed first 
to light under magnetic influence; then the unmodified lines were 
taken in the upper and lower parts of the plate. The plates taken 
confirmed the result obtained in $ 6 as to the shift of line 5791 
towards the red. 

As to line 5770 the amount and even the existence of the shift 
is not quite certain at present‘). All these measurements were not 
further pursued however, because after the publication of the first 
part of this paper?) and during my measurements there appeared a 
communication by GMELIN in the 1 April number of the physikalische 
Zeitschrift. 

Independently of my paper and in another way our present 
subject was taken up by Gmsuin. The enormous resolving power of 
the echelon spectroscope used by GMELIN apparently permits of greater 
aceuracy in the measurements than would have been possible for me. 

It may be remarked finally that, so far as the present results can 
settle the question, the observation of the asymmetry in a direction 
parallel to the lines of force,°) which first induced me to this 
investigation, but which was given with some reser’ve, must have 
been correct. 


') The first part of this communication contains an error, which ] only noticed 
after the printing off. In the last division of $ 4 the change of wavelength has 
been calculated from the measured displacement in the same manner as must be 
done, when the distance of two adjacent orders with the field off, is compared 
with the distance separating the components towards red and towards violet with 
the field on. Of course this proceeding is faulty in the case of $ 4. Hence the 
last sentence of $4 and the last column of the table in $5 have lost significance. 
The further consideration of the peculiar change of the distance of orders noticed 
in $ 5 must be reserved for a future paper. 

?) ZeEMman, These Proceedings 29 Febr. 1908. 

®) Zerman, $ 7 in New Observations etc, These Proceedings 29 Febr. 1908. 
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( 865 ) 
ERRATA. 


In the Proceedings of the meeting of December 1907: 

In Pl. I belonging to the communication of Prof. H. KAMERLINGH 
Onnes and C. BraAk (p. 413) the numbers I and II are to be 
interchanged. 

p. 422 to footnote 1 add: In this communication the resistance ther- 
mometer of Comm. No. 95c (Sept. ’06), which is called 
Ptj, was used. 

p. 423 to footnote 1 add: The thermometer till now called Pt, was 
named Pf; after the breaking of the wire. 

p. 447 1. 20 from the top: for 79 read 78. 


In the proceedings of the meeting of February 1908: 
Pl. II belonging to the communication of JEAN BECQUEREL and H. 
KAMERLINGH ONnss in the subseript of Fig. 1 for 1.71 mM. in 
1, 2, 3, 4 read 1.71 mM. in 1, 3, 4. 
p. 597 1. 5 from the bottom: for we read they. 


PRrB0E INT 5 2 „106 and 107 read 147. 

ga Es Re „ on read of 
32.0606.1.19 = „ observations read deviations 
BHO 1.1. „ ‚top, for down to read as far as. 

1.7 5 bottom: for 170 read 117. 


In the proceedings of the meeting of Februari 1908. 


p. 591 1. 14 from the bottom: for 0°.10 read 0°.06. 
p. 522 1. 1 from the top: for 0.0000013 read 0.0000009. 
2 2005: 0.0036614 read 0.0036617. 


In the paper by Dr. pE Sırrer “On Jupiter’s Satellites’’ (Meeting of 


March 28). 
p. 721 the value of loga, should read 
log a, = 8.0998360, 


p. 727 the signs of a,, and a,,' should be inverted. 


(May 26, 1908) 


ee 


ERRATA. 
In the Proceedings of the meeting of February 1908: 
p. 591 1. 17 from the bottom: for — 0°.002 read + 0°.002. 
IE PER: er For — 0°.02 read + 0°.02. 


p: 592 l. 2 from the top: for 0.0036614 read 0.0038613, 


(These errata supersede the errata given Proc. April ’08 p. 865 
. 8—6 from tlg bottom). 


In the Proceedings of the meeting of April 1908: 


p- 865 dele lines 9—6 from the bottom. 
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